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November 19,1999 =

VIA HAND DELIVERY
Mr. David Waddell, Executive Secretary
Tennessee Regulatory Authority

460 James Robertson Parkway
Nashville, Tennessee 37243-0505

Re:  Petition for Arbitration of ITC"DeltaCom Communications, Inc. with BellSouth
Telecommunications, Inc. pursuant to the Telecommunications Act of 1996
Docket No. 99-00430

Dear Mr. Waddell:

In response to the request of the Arbitrators, BellSouth is hereby submitting fourteen
copies of late-filed exhibits of BellSouth witness Alphonso J. Varner.

A copy of the enclosed has been provided to counsel of record for ITC DeltaCom.

Very truly yours,

uy M. Hicks
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CERTIFICATE OF SERVICE

I hereby certify that on November 19, 1999, a copy of the foregoing document was
served on the parties of record, via the method indicated:

V] Hand
[ 1 Mail
[ ] Facsimile
[ ] Overnight

[\4/ Hand

[ ] Mail
[ ] Facsimile
[ 1 Overnight

175073

Gary Hotvedt, Esquire
Tennessee Regulatory Authority
460 James Robertson Parkway
Nashville, TN 37243-0500

H. LaDon Baltimore, Esquire
Farrar & Bates

211 Seventh Ave. N, # 320
Nashville, TN 37219-1823
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) q °n 2 €5 BellSouth Telecommunications, Inc.
Y18 Tennessee Regulatory Authority

o Docket 99-00430 and Docket 99-00377
Ve e T Late Filed Hearing Exhibit AJV-1
YISt T November 19, 1999

Item No. 1

Page 1 of 77

REQUEST: Please: (1) provide an exact copy of BellSouth’s latest proposal to the
Federal Communications Commission (“FCC”) on voluntary self-effectuating
enforcement mechanisms; and (2) identify the concerns expressed by FCC concerning
that proposal. (Transcript, pages 811-813)

RESPONSE:

4} Attached is a copy of BellSouth’s latest proposal to the FCC on voluntary self-
effectuating enforcement mechanisms, referred to as “VSEEM II,” which was
filed with the FCC on June 18, 1999. A more detailed explanation of VSEEM
1T was contained in a filing made by BellSouth with the Louisiana Public
Service Commission on August 30, 1999, which also was provided to the FCC,
a copy of which is attached.

2 The following is a list of concerns expressed by the FCC to BellSouth about
VSEEM II: (a) the proposal should minimize the potential for “gaming” by
competitive local exchange carriers; (2) the proposed monetary damages may
not be significant enough to deter “backsliding”; and (3) the remedy procedure
should be enhanced by relying upon cell-level statistical test rather than the
MSA-level test when determining remedy payout (see attached).



PLEASE DATE-STAMP BELLSOUTH

. . ) Y :
AND RETURN
Kathieen B, Levitz f‘fgm Steet NW.
Vice President-Fe deral Regulatory Woshagnon, DC W, 251
. . 202 4634113
”
Ms. Magalie Roman Salas HECE!V
Secretary EQ
Federal Communications Commission JUN 18 19
The Portals P, s 99
n %4
445 12" Street, S.W. %Q‘mg‘: m“m

Washington, D.C. 20554

Re: CC Docket No. 98-56 and CC Docket No. 88-121

Dear Ms. Salas:

On June 17, 1999 Bob Blau, Randy New, Bill Stacy, and |, representing
BellSouth, met with staff of the Common Carrier Bureau's Policy and Program
Planning Division. Division staff attending the meeting inciuded Michae! Pryor,
Claudia Pabo, Eric Einhorn, John Stanley, and Daniel Shiman. During this
meeting, we discussed what would constitute a set of performance
measurements and self executing enforcement mechanisms adequate to assure
. that BellSouth would continue to provide nondiscriminatory access to unbundled
network elements and the functionalities provided by its OSS. In making their
presentation, the BellSouth representatives used the attached documents.

In accordance with Section 1.1206, | am filing two copies of this notice in both of
the proceedings identified above. Please place this notice in the records of both
proceedings.

Sincerely,

Kathleen B. Levitz

Attachment

cc:  Michael Pryor (w/o attachment)
Claudia Pabo (w/o attachment)
Eric Einhorn (w/o attachment)
Jokn Stanley (w/o attachment)
’ Daniel Shiman (w/o attachment)

BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-1
November 19, 1999

Item No. 1

Page 2 of 77
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BST VSEEM Il Proposal Summary 6_99

Pre-Ordering (4)

Orderirg (2)

Provisioning (4)

Maintenance and
Repair (4)

Trunk Blockage (2)
LNP (2)
Coordinated Customer

Conversions (1)

Collacation (1)

1 Billing (4)

Pre-Ordering:
OSS Interface Availability
0SS Interface Response Time
Percent Response Received within *X" sec

Percent Flow-Through
Ordering:
FOC Timeliness for Mechanzed Orders
Reject Timeliness for Mechanized Orders
Provisioning:

Average Order Completion interval

Order Compiletion Interval Distribution
Percent Missed Installation Appointments
Percent Troubles within 4 Days of Installation
Maintenance and Repair. :
Mean Average Duration

Percent Missed Repair Appointments

Customer Trouble Report Rate

Repeat Troubles within 30 Days
Trunk Blockage:

Percent End-Office Trunk Blockage

Common Transport Trunk Blockage
LNP;

Disconnect Timeliness

Percent Missed Installation Appointments

Coordinated Customer Conversions
Collocation:

Percent Due Dates Missed
Billing:

Invoice Timeliness

" Inwoice Accuracy T .-
Usage Data Delivery Timeliness
Usage Data Delivery Accuracy

italicized measures are either underdevelopment or have been modified, and will
require 90-days of data to be collected before being placed in remedy pool.

=

BST Aggregéte

CLEC Specific CLEC Aggregate
Product Type

MSA Level Mode of Entry
Field Work Activity (for POTS and UNE Loop & Port Combinations)

——

Andariss.
=, 4\’.“_.;1.:\ -5

Panty

- | Benchmarks

Parity is the Standard. Statistical testing will only be applied to those measures in
the remedy plan..

Benchmarks will apply to processes or entry modes where there is no retalil
analogue.

Jackknife Modified-2

-| Considering Adjusted

LCUG Modified-Z with
a Balancing Critical
Value

Statistical tests will be performed for each CLEC at the sub-state level for each
MSA, mode of entry, product type and field work activity.

Statistical test results will be reported for each CLEC at the MSA level only when a
statistically valid sampie (n> 30) exists. Results will also be provided at the
Aggregate level.

BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-1
November 19, 1999

Item No. 1
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BST VSEEM |1 Proposal Sumnary 699
: " : « Two-Tiered Structure
l ‘Damages.. | Sell-Execuing Tier-1: Payable to CLECs based on Monthly Individual CLEC
Based on performance. Processes include:

: s and Ordering .
5:::;:‘: :i;egead?ng a Maintenance and Repair

1 balancing critical value Isgk Blockage
Methodolagy for Coordinated Customer C;onversions
Balancing Critical Collocation .
Value to be ) o
Negotiated Tier-2: Payable to the State Commission based on Quarterly CLEC

industry performance. Processes include all of Tier-1 plus:
Alternative Hypothesis Pfe-Ordering
to be established by Billing
the Commission
« Damages and Assessments wilt escalate with repeated consecutive failures.

BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-1
November 19, 1999

Item No. 1
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BEFORE THE

LOUISIANA PUBLIC SERVICE COMMISSION
Es Parte

BeliSouth Telecommunications, v Docket U-23253
fo Re: lac. Servics Quality Performance . Subdockst C
Messursments :

'0.00.0!"It*t.ﬁ""'.."l.'..'.‘....'.

The August S. 1mwwmwwmsuwuruwpuﬁu
1o file specific penalty proposals o August 30, 1999, Acsordingly, astsched e the following :

documents:
Exhibit A - BellSouth Enforcement Measurements;
Exhibit B — Retail enchmarks;

AnaloguevB .
Exhibit C ~ Statistical Methods for BeliSouth Performance Measures Analysis;
Exhibit D ~ BST VSEEMS Remedy Procedure;
Exhibit E - Liquidated Damages, Voluntary Payments & Annual Enforcement |
Exhibit P — Service Performance Messuroment and Eaforcement Mechanisras.

Respoctfully submitted, this 30t day of August, 1399.

Victoria K. McHenry

L. Barbee Ponder, IV

363 Canal Street, Suite 3060
Nsw Orleans, LA 70130
(504) $28-2050

J. Philip Cuver

678 W. Peachires Strest, N.E., Suitc 4300
A Georgia 30373

(404) 3350711

ATTORNEYS FOR BELLSOUTH
TELECOMMUNICATIONS, INC.

BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-1
November 19, 1999

Item No. 1

Page 23 of 77



CERTIEICATE OF SERVICE
This is to certify that 8 copy of this pleading has been sevved upon all parties of

rocord by Foderal Express on this 30° day of Auguat, 1999.

8176602 . BellSouth Telecommunications, Inc.
2 Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-1
November 19, 1999
Item No. 1
Page 24 of 77



1.

2.2

3.

31

3.2

DRAFT

Sarvics Performance Metsarsments
And Enforesmant Mechanisms

This Attachment includes Enforcement Measurements with corresponding
Enforcement Mechanisms applicable to this Agresment.

Renerting

mpmﬂmmnmtmmwwmwumm
Enforcement Measurements, which are contained in this Attachment as Exhibit A.

BeliSouth will make pevformnancs reports available 1o CLEC-1 oo & monthly
basis. The reports will contain information collected in sach performance

and will be svailable to CLEC-1 through some electronic medium to be
detarmined by BellSouth. BellSouth will also provide electronic acceas to the raw
data underlying the performance measurernents. Within 30 days of execution of
this Agreement, BellSouth will provide a detailed session of instruction to CLEC-
| regarding access to the reports and to the raw data as well as the nature of the
format of the data provided.

Enforsament Meshaniams
Purposs

This section establishes meaningful and significant enforcement mechanisms
voluntarily provided by BeliSouth ® verify and maintain compliancs between
BeliSouth and CLEC-1"s operations ss well a3 to maintain sccess to Operational
Support System (O88) functions. This section provides the terms and conditions
for the seif<cfTectusting enforcsment mechanisms.

Effective Date

The eaforcement mechanisms set forth in this ssction shall only become effective
upon an effective FCC order, which has not deen stayed, suthorizisg BellSouth to
provide interLATA tslecommunications seevices under section 271 of the Act
within s particular state and shall only apply to BellSouth's performance in any
state in which the FCC has granted BellSouth interLLATA authority.

BellSouth Telecommunications, Inc.
] Tennessee Regulatory Authority

Docket 99-00430 & Docket 99-00377

Late Filed Hearing Exhibit AJV-1

November 19, 1999

Item No. 1

Page 25 of 77



33

34

L 4

Dsfiait

3341

3.3.2

333

334

3.3.5

33.6

3.3.7

measurcrmonts ot forth in Exhibi Aumheguhum rated
in t and incorpo
hersin by this reference.

Enforcsmant Measurement Banchmari iu-u s competitive level of

aﬁmbym:lm used to compare the performance of
CLEC-| where 00 m]mu process, pgod service i

feasible. Ses Exhibit B. Hever ou

Enforeemens Messucemant Complisnes means comparing —
lwohpmvﬂdmh&o%mﬂmmvdmpubmﬁlm
provided by BellSouth to the CLEC custome. Ses Exhibit B.

mehmmbym
m will be determine using statistically valid equations. Sos

Mglummﬂwuimwhmmcomnm
missed.

Ticr-1 Enforcement Mechagisms means seif-executing li idated

g:i::o directly tofCLEC-l \?3 waeum delivers uon?e;?n‘:bant dameges
rmance of any one o orcument Messuremen!

e o Be t Elements a8

Tisr-2 Eaforcement Mechanisma means Assessmonts pat

_ . pia paid directly to a
state Public Service Commission (“Commission”) or its daipez. when
BellSouth performance is out of compliance ov does not moet the
Wfor%mmmﬁwmmucqw&tmcummof
all CLEC data a3 calculated by BellSouth for s pasticular Enforcement
Messurement Element.

Agglication

34.1

3.42

The application of the Tier-1 and Tier-2 Enforcement Mechanisms does

not forecioss other non-contractual legal and reguistory claims
remodies available o CLEC-1. oo ‘ wnd

Proof of damages resulting from BaliSouth’s filure to maintain
Enforcemont Msasuwrement Compliancs would be difficult to ascertain

mmmuqﬁdmw“cmabhmximﬁmofw

2 BeliSouth Telecommunications, Inc.
Temnessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-1
November 19, 1999
Item No. 1
Page26 of 77



ORAPY

cohtractual damags. Liquidased damages under this provisi
intended to be a penalty. Provigian e ot

3.5 Mathodology

3.5.1 Tier-1 Enforcemsut Mechanisms will be triggered by BellSouth’s failure
to achisve Enforcement Measurement Compliancs or Enforcement
Measurement Benchmarks for the State for & given Enforcement
Measurement Eloment in » given month based upon a test statistic yxd
balancing critical value calculated by BeliSouth wilizing BeilSouth
gencrated data. The method of calculstion is attached hereto as Exhibit D
and incorporated havein by thig veference.

3.5.1.1 Tior-1 Enforcensnt Machanistuy apply ou & psy occurvence
fotmhMSAmwiumMm::mof m
consecutive months that BellSouth has reported non-compliance.

381 22_:‘?1‘”@“&13«-1 Enforcement Mechanisms is shown in
anas muwmamdwwmm
this referencs. >

3.5.2 Tier-2 Enforcement Mechanisms will be triggered by BellSouth’s failure
to achisve Enforcement Measurement Compliance or Enforcement
Mmumgutsoncwufwdu Stats int & given calendar quarter based
upon s siatistically valid equation calculatad by BellSouth utilizing
BeliSouth generated data. The method of calculation is attached hereto as
Exhibit D and incorporated hevein by reference.

3.5.2.1 Tier- 2 Enforcement Mechanisms spply on 8 per occurrence basis

for an aggregats of all CLEC data generated by BeliSouth fora
pasticular Enforcement Measurement Element.

3.522 !-‘u Schﬁg!r:b g;foﬂl Quarterly Tier-2 Enforcsment Mechanisms
is show sttached hereto as Exhibit E and incorporated
herein by this referencs. wd

36 Pavmsntof Tis-1 and Tiey-2 Amounts

3.6.1 1f BellSouth performance triggers an obligstion to psy Tier-1 resment
Mnhmmwcwc-tw-obli—duwndt%:{z&hm
Mechanisms to the Commission, Be{lSouth shall make payment in the
nqwudmommmmthuo‘dlyfouammmutlofdn

performance messurement report for the month in which the obligation

BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-1
November 19, 1999

Item No. 1
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38

3.6.2

363

ORAPY

For sach day after the due date that BellSouth fails to pay CLEC- | the
roquired amount, BellSouth will pay interest to CLEC-] &t the maximum
rate permitted by stte law. .

For each day after the due dste that BellSouth fails 10 pay the Tier.2
Enforcement Mechanisms, BeliSouth will pay the Commission an
sdditonal $1,000 per day. -

Limitariona of Liahill

381

382

383

384

388

BellSouth will not be rewponsible for CLEC-1 scts o¢ omissions that cause
performancs measures to be missed or fail, including but not limited to
accumulstion and submission of orders st unressonabls quantities or times
or failure to submit accurate orders or inquiriss. BellSouth shall provide
CLEC-1 with reasonable notice of such acts ot omissions and provide
CLEC sny such supporting documnentation.

BollSouth shall not be obligated to pay Tier-1 Enforcement Mechanisms
or Tisr-2 Enforvement Mechanisms for non-compliance with &
performance measure if such non-compliance was the result of an sct oy
omission by CLEC-1 that is in bad faith.

BellSouth shall not be obligated to pay Tier-1 Enforesment Mechanisms
or Tier-2 Enforcement Mechanism for non-compliance with s performance
measurement if such non-compliance was the result of any of the
following: a Force Majeurw ovent as set forth in the General Terms and
Conditions of this Agreement; an act or omission by CLEC.1 that is
contrasy to any of its obligations under its Intsrconnection Agroement with
BellSouth; an act or omission by CLEC-1 that is contrary to0 any of its
obligations under the Act, Commission rule, or state lsw; an ast or
omission associsted with third-perty systsms or equipment; o any
oocurrence that resuits from an incident reasonably related to the Y2K
problem.

It is not the intent of the Parties that BeliSouth be liable for both Tier-2
Enforcement Mechanisms and any other asssssments or sanctions imposed
by the Commission. CLEC-1 will act oppose any effort by BellSouth to
set off Tier-2 Enforcsment Mechanisms from any additional aussssment
imposed by the Commnissicn.

PwofuyﬁmlwﬁwZBanmeb
c&w:mmmwm«uwﬁuiouooww
culpability in any legal, regulstory or proceeding relating to
BeliSouth’s performance. The payment of any Tier-1 Enforcement

BellSouth Telecommunications, Inc.
4 Tennessee Regulatory Authority

Docket 99-00430 & Docket 99-00377

Late Filed Hearing Exhibit AJV-1

November 19, 1999

Item No. 1
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39

3.10

3.8.6

DRAPT

Mechanisms o CLEC-1 shall relenas BellSouth for any llability associated
with or related to the servics performancs measurement for the month for
which the Enforcement Mechanisms was paid to CLEC-1.

CLEC-1 acknowledges and argues that the Enforcement Mechanisms
coniained in this attachment have been provided by BellSouth on &
completely voluntary basis in order to maintain compliance between
BellSouth and CLEC-{. Therefors, CLEC-]1 may not use the existence of
thio section or any payments of any Tier~] or Tier2 Enforcemem
Mechanisms under this section as evidence that BellSouth has not
complied with or has violated ny state or federal Iaw or regulation.

Enforcement Mechanism Cape

39l

392

BellSouth's liability for the payment of Tier-1 and Tier-2 Enforcement
Mechanisms shall be collectively capped at $120M per year for the entire
BellSouth region. See Exhidit F.

If BellSouth's llability for the paymens of Tier-] and Tier-2 Enforcement
Mechanisms exceed the caps referenced in this attachment, CLEC-1 may
comunence a proceeding with the Commission to demonstrate why
BellSouth should psy any amount in exoess of the cap. CLEC-) shall have
the burden of proof to demonstrats why, under the circumstances,
BellSouth should have additional liability.

Dispute Regolution
3.10.1 Any dispute regarding BellSouth's performances under this section shall be

resolved with the Commission through the disputs resolution procedure set
forth in Section 12 of the Geners! Terms and Conditions of this
Agroement, or, if the pasties agres, through commercial asbitration with
the CPR Institute fov Disputs Resolution.

BellSouth Telecommunications, Inc.
3 Tennessee Regulatory Authority
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Eaforcement
NTO DRAFT
[ 4 RCEMENT MEAS ENTS
TABLE OF CONTENTS,
CATEGORY FUN o

Pre-Ordering OSS 1. Percent O3S Reeponses within “X" seconds I'Ag!;

o ' > ’
ering ; gm Service Requests 4

. Parcont Rajectad Service Request
3. Rajecs (ntarval ;
Provisioning Pt Mioead L T
. Peroent Appointments

4. Ordar Completion Interval Distribution :;

3. Coordinated Customer Conversions 14

. i 4. Porcens wh 4 13
intenance & Ropair 1. Missed Repale 16

3. Customer Trouble Repers Rty "

: i Mauintsnsace Aversge Durtion 18
S . Perosm w/i 30 19
5 . [avoics Accurecy 0

2. Mean Time to Deliver (nvoices 2!
3. Usage Dets Delivery Accursoy 7

;. Usage Duts Deiivery Timeliness 23
[Trank Graup Performanee T, 2
Collocation 1. % of Dus Detes Missed :;

¢ These reports are subject to changs dus (0 FegUIAIOTY FEQUINIIERTS OF TO COTTECT SFTOFS and #ts.

Exhidit A

Page | af 27
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BeliSouls

LY s n
DRAFT
PRE-ORDERING - 08
[ReporvMigstyrement ;

‘ Percomit Ratponss Reoveiveg within X" seconds

Proppn'ion of requests rssponded fo within certain intervals for accessing legacy sasocisted wi
:‘mlmmmt scheduling. service & fesature avsilability, address vmuu?m. nm:. for Tmpu:i

|_Esclugions:
Nons .

3
The response intarval stants when the clisnt applicasion (LENS of TAG for CLECs and KNS for B8T) |
::-'?au_uq#ntu.?ammmu:mmmuw;z?m
cation. The number of lagasy sccesias )
aon T T durl‘u reporting perind, which wks less than 2.3

| Lavel of Disaggregatios;
% __Region "

[J
‘ C”nhﬂﬂll
Z({(Dea & Time of Lo -

e the gacy Responss) mt?huofmmupy)]lmogm

_Report Struetyre:

v _CLEC Agpepsts
Data Rotai CLECE ™ Dets Retatned R o aee:

« Repart Month ) + Ropors Month *

v Logacy Contract (per reporting dimension) Contrast i

« Responss tnterval * Reponse e TG imeasion
o Ragional Scope :

[ Reail AnsloyBenchmary 2Begnee) Som

Retail Analog

Revision date: OW/18/99  (v0)

Exhibit A - P' 20037 BellSouth Telecommunicatior}s, Inc.
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BeliSowmh
Enforcoment Mesmirements

Re s
0SS t Availability

Pmm of mno oss interface is
83 int '} gu:llﬂl: b sm ovuhbuiw Awlmmy

I:u s
Nons

This messurement captures the svailadility percsntage for the BST syssms,

during Pre-Ordering functions. Com to BST olreduy M rnd
m“m“ results silow concliusions as ®© whether an equal

v o Olsaretasen = Sperimes

|__o__Rsgional Level

| Caloulation;

Mwl X 100

. CLEC A
Data Motaived Relstiog o CLEC Experienss | Dutn Motyimed Relgtipg to B4T Esparivwes |
¢ Report Month ¢ Report Mouth
s Lagacy conwact ;

g ion) type (per réporning . uwwrmwwm

s _Regional Scops__ o __Regionyl Seope
Retail

Ravigion date: 08/25/99 (vb)
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| Ry L4
M

—

m—"'—"——m perceniege of Local SErvice Requesss (LSR) FDmined SREOSTIEaTy vis O CLEC mechamis

ordering process that flow through to dw BeliSouth Telecommmunicaions’ (B5T) Operations Supper
Systems (OS8) withous ranual inievvention

Exclugions:
o Fatal Rejects

¢ Auto Clarificssion
¢  Masnusl Fellout

o CLECS sllout

Rulss:
The CLEC mechanized ordering process includes all LSRs, which are submitted through one of the thres
gateway intsrfaces (TAG, EDI,

and LENS), and flow tivough (0 SOCS withous manual intervention.
These LSR2 can be divided into two classss of servics; Business and Residence. and two types of service:
Ressie and Unbundled Network Elemsnts (UNE). The CLEC mechgnized ordering process doss not
inciude LSRs, which are, submited manually (4.3., fax, and courier), O &¢ noe designed to flow through,
i..w'Mm F."ﬂlt-

Definitions
am:wmmmupsmmmmwmcwc. from being processed further. When an
. L3R 18 submirted by 8 CLEC, LEO will perform correctly

odit chacks to ensure the dats received is

: formatted and complets. For exampla, if the PON fisid contsins a cavalid character. LEO will raject cha
LSR and the CLEC will recsive s Patal Rejoct.
W:mm“mw“nhnﬁddﬂwi&b&“&b%wmmu
vniidwchnbmmmmdmwmduwlhcmwvﬂﬁ.FWMUNMWM
LSR is not valid sccarding to RSAG, the CLEC will receive an Awo-Clarification.

-mummwyuucmtsaamwmwm«mmu
owpmmamowxw.nmusummwtywwmtcsc.wmacwc

submits an LSR, LESOQ will ine if e LSR should be forwardad to LCSC for manua) handling.
Following sre the categories for Manual Pallous
1. Complex services®
2. Expedites (requestad by the CLEC)
Special pricing plans
Denials-restore and conversioa, or disconnect snd conversion orders
Partia! migrations

Chuofurviulnmwhm“ummmdm
New tsispbone aumber aot yet posted 0 BOCRIS

Low volume such as activity “T” (move)

. Pcmordlruviwmuhy”

10. More than 25 business lines

11. Restore or suspend for UNE combos

12. Transfer of calls option for the CLEC"s end users

13. CSR insccuracies such a3 invalid or missing CIR daty in CRIS

'Amhodiutiuofmkn.iwludiw lex services, and whether LSR3 izsusd for the i
sligible to flow through. o e

wmmmwm-wwmmwmwcumum
bylboCLEC.orwasymﬂmm.lf&hWthMWhCL!C.lb
LSR will be snt beck to the CLEC as clarificstion. (€ is decormined the ervor is BST caused, the LCSC

LR R S FEs

|__represenarive wid correes me ervor.

BeliSouth Telecommunications, Inc.
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Percent Flow Through Service Requests » iog requests -through
the 8ST OS8)] / (Total number of valid uﬁgm:um%ﬁ?u Qs8) ;ll. oom N

Emription:
srcent Flow Through = (The total number of LSRs that
number of LSR9 passed from LEO 1o LESOG) - Z](the nuuhwm %ugﬂ.::: STMOSS) (e

processing) + (the number of LSRa
LSRs mucominmmmbycaﬁmwmazc for clarificetion) + (the number of

»  CLEC Soecific
—2CLEC Agpegae
| [dval of Disaggregytioy:
® Rg‘g
[ Bata Retalned Ryiaiipg to CLEC Expariense =
. w month '—’lﬂmmmg_
b rumber of L3Ry ¥
by CLEC: received. by sertace,
> TAQ
» EDI
T> LENS
. otal number of strors .
: ;m"jm by type, by CLEC:
otal fallout for manus! processing
>  Auto clarification
» CLEC caused sywtom fallout
*  Toml number of errors ty etTor code

ARS
Benchmark
Ravisios Dass: 08/1899 (vd)
BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
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BeliSouth
DRAFT

_Bgs._wwm_@.m'__ —
srcens Flow Through Servics Requesh (Dessll)
1

A detailed 1ist by CLEC Of (i percentage of Local Service Requests (LSR) submitiad slecuonically via
the CLEC mechanizad ordering process that flow trough th the BeliSouth Telscommunications’ (BST)
tions $u Systems (OS$3) without manusi or

_Escluglons:
o Futal Rejects
o Auto Clarificution
¢ Manual Fallout
| _+__CLEC Sysem Fallow
Buysi

The CLEC mechanized ordering process includas all LSRs, which we submitted through ons of the thres
gatoway interfices (TAG, EDIL, and LENS), and fiow through to SOCS withous manual imtervention.
These LSRs can e divided into two classes of sevvice: Business and Rewidence, and two types of
service; Resale and Undundled Network Elements (UNE). The CLEC mechanized ordering process doss
not include LSRs, which are. submitted manually (0.8, fax, and courier). or aw nox designed to flow
through, i.e.. Manual Faltous.

- Definitions .
- Elﬂl.l,lml: Ervors that prevent an LSR, submittad by the CLEC, from being processed further. When
an LSR Is submined by « CLEC. LEQ will perform edit checks to ensure the daca received is correctly
formatted and complets. For exampla. if the PON field contains an invalid charsctsr, LEO will reject the

LSR and the CLEC will receive s Fatal Rejoct.
Auto-Clarification: crrors that occur dus 10 avalid data within the LSR. LESOG will perform data
validity checks to ensure the dats withia the LSR is correct and valid. For sxampls, if the address on the
LSR is not valid according to RSAG, the CLEC will recsive an Auto-Clarification.
s errors that occur by design. Cervain LSRs are designed o fallout of the Mechanized
Order Process due to their complexity. Thess LSRs are manusily processed by the LCSC. When s CLEC
submits an LSR, LESOG will detsrmine if the LSR should be (arwarded to LCSC for manual handling.
Following are the catsgories for Manual Fallout:
1. (E:omplum' o
2. Expedites (requestad byy the CLEC)
3. Special pricing plans
4. Denisle-restore and conversion, or disconnect and cosversian ordets
3. Parial migrations
§.  Class of service invelid in cortain stases with s0me types of service
7. New tilepbens number 2ot yes posted o BOCRIS
8. Low volume such as astivity type “T™ (move)
9. Panding order review required
10. More than 25 buginess linss
1%, Restore or suspend for UNE combos
12. Transfer of calls option for the CLEC's end usars
13. CSR inaccursciss wuch as invalid or missing CSR dats in CRIS

*Attachad is & list of services, including complex services, and whather L3Rs issusd for the services are

cligible to flow through. ’

B e e T L e e
( or is sysnom . oror

Lsamllhm:ukumMCu Ifitis ths arror is BST Cli‘o:'bcsc

___representative will correct the erroy.

BellSouth Telecommunications, Inc.
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BeliSouth
* Enforcemens
ORAFT

QRDERING - (Perasat.flow Threush Sarvice Raguests MistalD - Continued)
Caleu

"-———_—-‘—“ m
tow Through Servics Requests = (Total number of valid service requasty flow-through
::?;;‘FO%:) / (Towl number of velid sarvice requssta delivered ta the BST O83) X 100

Percent Flow Through LESOQ 1o the BST OSS / (the
= The total muamber of LSRs that flow through
::S:immmmuonusom-zuumuuugum::.umu:'wu
procesaing « the number of LSRs thes are returned to the CLEC (or clerificstion aumber
that contain ervors CL X 100,

Strustyre: T

Pro 'MwMWMﬂmmhuﬂcdemmm through
) movéLECmuhmMMQmmmmhbm

» CLEC (vy slins designation)

Number of s:uto clarifications rengmned to CLEC
Number of validsted LSRs
Number of BST caused fallous
Number of CLEC caused Gllows
Number of Service Ovders lssued
Bass caloulstion _
CLEC ervor excluded calculstion
ol of H
®  Region

"D Y XC L3 Dets W Rola 3 ,
MMM.TM
«  Roport month ) Raport month ( by type:
*  Total number of LSRs received, by awrfece, ¢ Totsl oumber of sTrory
by CLEC » BST system etvor
> TAG
» EDI
> LENS
. Tomnummqtmbymbycwc
> Fatal rejects )
P> Total fallous for manual processing
»  Auto clerifiossion
» CLEC axrors

| o Togwdmgmgg
_Retql) AnslogBenchmari:

VVYVVYVYVYVYVVYVYYVYY

1A q
LBenchmark

BellSouth Telecommunications, Inc.
- Tennessee Regulatory Authority
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Satorvemeut Measurementy

e aa—

Pere ice

Percent Rajected SETVICS FEQUER (6 the percens of el Locsl Roquans (LIR3) received which

mrqi-mu.mommmmm.uuuummumuuolmwmmmw
the Capnd g s LEO odft chacks to Ingure the dste receivad |s cortpesly fOIMEREG sng cOMPIELS.

Setvice ! the CLEC

Business
mumwumustum W"mn’ is submitted slectronically but doss not
pess LEO edit chocks i the orderm &‘W(B_Dl. TAG, LEO, LBSOG) and is returved to twe CLEC.

Thers are two types of “Rejects” (n the Mechanizad category:

v Avwmjmmmwmthwwwaulwwam
mmmmmmmmbmwuwcwcmuummdmu&

: rmmmmutwnhmwmuwmmm.

‘. AnAmcwnmmvumsxmumeummwwo
because it doss not pess further edit chacks for order sceurecy.

Parcant Taivics Requesns = (Tot) Number of Rajeciad Service Kequeets) 7ot Number of |
x B Racaived) X 100 during te mosd .

5 4]
¢ Fully Mechanized
" & CLEC Specific
{ e CLECA
Lave] o tion:
o  Scwase

Dats Retained Ral ster | Duta Bamined Reiting ty BT Performance |

o Roport Month ¢ Report Mootk

» Total number of LSRs « Totsl oumber of L3RS

* Total number of Rejects ¢ Tota! number of Ervors

« Total Number of Errors o Adjusted Ervor Volume

o Stats annd Reglon o Staes and ”E
Retall Anslog/Benchmark
Retai) Anslog

— Ravision &aw- OB18/99 (vb)
BellSouth Telecommunications, Inc.

Exhidit A : rage § 0127 Tennessee Regulatory Authority
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BeliSouth

Enforcement
. DRAFT
CRREAING
[ ReporvMensuremens;
_Firm Order Confirmation Timelinees
Deflnition:

r—-———-—-__
! | for
r:::u‘v. RamofoFmom«S::M(FOCW)nmnwmmm

. Rojtcwd (™

o Partiglly Mec
iy ly hmud or Non-Mechanized LSRs received and/or POCd outside of normal business

. Fiem Order Confrmation uuumu ew
Tbmof!wv::: . . “m“mmc”&imww) ~ (Dete @d

Report Structurs:

o CLEC Specific

.2 CLEG ARmpenats
| Laval of Disspgregation:

o Stats

WM—LL—-—W ta CLEC Experivace: | Dats Ratained Reiating to BET Pertormance:
. n Moath ¢ Repon =
L Total number of LSRs e Total Number of LSRs

|_____* St wnd Regiow o __State and Region

. (il Anaioy/Bepchmart: -
Rewsil Analog
Revision dece: 08/19/99 (vb)

- BellSouth Tel nications, Inc.
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R 3
Percent M | on Appoi

H

"gmm missed nsallation appointments”™ monitors the reliability of BST cammitment with respect @
commicted due dates 10 assure that CLECs can relisbly quots expactad due datas (o their retail cuomer as

sompared to BST.
Exclusions:

e Cancsied Service Orders

¢ Order Activities of BST or the CLEC wssociated with internal or sdministrative use of local services

{Record Orders. Tess Orders, #t2.)

Disconnet (D) & From () orders
Susiness Rules;

Parcent Missad Instaliation Ammmm(m)uﬁmorwmmhwm BSTis
unable to complets the service orders on the committed dus dates. Missed Appoiatments caused by ead-usar
reasans will be included and reported seperstaly. A business day is any time periad within the same date Fame,
whlchmmtbmmbuewﬂdmfummuwﬂnmofudmnmwhw
after standard business howrs. Also, during Deylight Savingy Tims, feld technicimy wre scheduicd until 9PM in

wmomwmwquammgofWMwam
_Calcuiation; —_—
Percant Missed lnml’ lation Appointments ® 3 (Number of Orders Not Complets by Commired Dus Daws in
Reporting Pariod) / (N By MEREtad I Kann Peri AU -
Report Structyre:
;o CLEC Specifio
o CLEC Agpoguis
s BST Aggregats

Report ezpianstion: The differsnce between End User MA snd Tatal MA i3 the result of BST Shuaed misves.
Here, Total MA is the total % of orders missed either by BST or CLEC ond user and End Usay MA represents the
sniage of orders misssd by the snd ussy
| Level of Diasggrogation:
*  Product Reporting Levels
> RESALE POTS
» RESALE DESION
¥ UNE Loop & Port Combinssion
¥ UNE Other
¢ Geogrsphic Scope
> S
> MSA

Of LGETS COomD ISR P eOg

BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
Exhibit Docket 99-00430 & Docket 99-00377
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m:'

DRAFT
PRQVISIONING (Parseas Mimes atialiatien AUssiatmest = Contiaued)
Doty Retpined CLEC ;s [ Data Retained Safating to BET Eaperieace
¢  Report Month *  Repons Month
¢ CLEC Order Number and PON (PON) o BST Order Number
s Committsd Dus Date (DD) ¢  Commined Dus Dum
¢ Complstion Dats (CMPLTN DD) e Completion Dete
s Stawus Type o Sunp Type
o  Status Notice Dste ¢  Status Notics Date
¢ Standard Order Activity ¢  Sumdard Order Activity
*»  Geographic Scope ¢ Geographic Scope
NOTE: Cods in parsuithesss is the correspanding
i raW fils.
CLEC » POTS / BST Rewil POTS
CLEC Resats Design / BST Remvil Design
CLEC UNE Loop & Port Combination - Retail Anslog
CLEC UNEs-Rewil Anslog
Revision dass: O8/18/99 (vh)
. BeliSouth Telecommunications, Inc.
- ' T Regul Authori
Exhibis A Page 123 0227 Dokt 9500330 & wocket 99.00377
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BeliSouth
ORAPFT

LRQYISIONING

Ordsr Complstion M Disgribution :
M’m H ettt ——— ____-_‘__—____.___._,_..____—.._A-_.—-—
The “Ordar Co ion Intarval Distribution™ ides of within cerain time .
_Exclusions:
e Cancsied Service Orders
Order Activitiss of BST or the CLEC sasociated with internal or administrative wse of locel services
(Recard Orders, Test Orders. s.)

D (Disconnwect) sad F (From) orders. (From is discoanect 3ide of 3 move order when the CustOMeT MOVES 10 & NeW

wddress).

Business Ry

mmudcmpkﬁoumusdmhdfmdwmm' the reporting period. The Completion |
intarval Is the siapsed time from when BST issuss 8 FOC or SOCS date time wamp receipt of a1 orday from the CLEC
‘10 BST's sctual owder complation dats. The clock strts whes 8 valid order number is sssigned by SOCS and stope
_when the technician or sysiem completes the order i SOCS. Elspsed tirne for sech order s accumulated for sach
reporting dimension. The sccumulated time for each reporting dimension is then divided by the associated toral .

number of argsrs completed
[ Calgulstion :

H e
Ovrder Completion [atervel Distribution:
T (Servios Orders Completed in “X" / ; ) Joted in Pariod) X 100
|_Repors Struetyre:
_ & CLEC Spesific

e CLEC Aggregats
o BSTA

Level of Dissggregetion:
¢ Product Reporting Levels
» Ressle POTS

» Resale DESIGN
» UNE Loop & Port Combination

» UNE Loops -
e Jsographic Scops
» Sas
» MSA . .
Diats Ratajged Retsting o CLEC kxpgrieges | Dyte Rorsiner Reiotiag 0 BFT Kiperience |
o  Report Mouth . Month
s CLEC Company Nume ¢ CLEC Order Number
¢ Order Number (PON) ¢ Order Submission Dets & Timse
s Submissios Dew & Time (TICKET_(D) ¢  Order Compistion Dete & Ttme
¢ Compistion Daw (CMPLTN_DT) o Service Typs
e  Service Type (CLABS_SVC_DBSC) o Geographis Scops
s Geogrsphic Scope
NOTE: Code in parenthesss is the corresponding
found in the rew dua fils.

Retall Anal
CLEC ch I%%I / BST Rotwil POTS

CLEC Resale Design / BST Retail Design
CLEC UNE Loop & Port Combinstion + Retail Analogue
CLEC UNEs-Ratail

Revigion dutn: OW/ 1309 (vd)
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Eafbreoment Mosnurecrmts
. DRAFT
ERQYISIONING
_Reporv/Moegrgroments
.. Coordingiad Cugtomer Conversions
|_Defnittos:

This :un:ry mensures the lwrars?:m: it akss RST to disvonnest & unbundled 1eop from T BET
switch and cross conness it to * ipment. mesRrement sppli service ordsrs
and without IN®, and where lb.o CLRC &q“mmw o provids & m‘""‘ - SUIOVET, wia

Exclugions:
®  Any arder sunceled by the CLEC will be exeluded Sew this measurenent

¢ Deslays due to CLEC following disconnection of the unbundied loop
o__Unbundled Loops whers there is no exigting subseriber loap
Busin
!wnm!"'!mmmlmms INP, the intrval inchudues the tom tme 7or te CUIOVer BN e |

translation tims to place the line back (a service on the ported ine. The interval is caloutated
.nﬁucmmdm&rmmmwmawwmwum:mwuw%m

| Colculiptiop: |

Cale :
A ((Completion Dute and Tims for Crosy Connectios of 88 Unbundisd Loop) (T
Tims of an Unbundled Loop)) / Total Number of U § LOOP:'(DM o
" St : ‘
* CLEC Specific

¢ CLECA

- *  Product Reporting Levels
» UNE Loops without INP
» UNE Loops with INP
¢ Geographic Scope
> Suw

> MSA

Retaived o CLEC E ™ 154 R p BST Lxpe:
MM&‘“—‘MM a el r&w&&m
CLEC Order Number ° Nobst
Comimd Dus Dute (DD)

Service Typse (CLASS_SVC_DESC)

Cutover Stant Time

Cutover Completion time

Portability start and completion tismes (INP Orders)
Toral ltsms

Non:cmhmuuw
in flle.
_Recaj] Agglog/Benchyqrk:

Benchmark

® ¢ & ¢ & ¢ o0

Revision dase: 08/1899 (vb)
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Eaforcament Massuremone
. DRAFT
PAQVISIONING
Mmﬂ%
%, Provisioni bies within & of Servics Activi
De jow:
srcent Provisioning o within 4 orwmmmmmorwwm

activities.

3
e Canceled Service Ordens
. WmﬁuofDSTumawmmmemmo{wmﬂ(l

Orders, Test Orders, 5.)

o D&Porden
M

Mmmmoquwwwmotmwmmmm teport s IV

complation is counted in this messU. Subsequant trouble reports are measured (s Repest Report Rass.

quumukulﬁmhwnhﬂumwwuwmmwmhwiucdsys

. aftev completion (or 8 roubie PO
Mww

H
%Provlcioniul'mubbwimlnddtwofwmWMvmvﬂmedlmwm ‘
¢> & dayy fallowing ssyvice mnmm)lcmmmmmwbmumm
month) X 100 .
[

_Repore Stractyre: __
. » CLEC Specific

. ¢ CLEC Agpregae
o BSTA
| Lovel of Disnggrogation: _
e Product Reporting Lavels
» Resle POTS
» Resale DESIGN
» UNE Loop & Port Combinstion
¥ UNE Loops
e Geographis Scope
Sate

>

» MSA
“Dats Retaived Refating to CLEC Experionse Doty Retained Reletiog to BSY Kspovionss
e Report Month

CLEC Order Number and PON

Order Submission Date(TICKBT_ID)
Order Submission Ttme (TICKET_1D)
Status Type

Seatus Notice Dute

Standard Ovder Activity

Geographic Soope

NOTRY: Cods in parethesss is the corvesponding
headsr found in the rew dats fle.
Retail Ans
CLBC&POTS I%Wﬂb’fs
| CLBC Rasaie Devign / BST Retail Design

CLEC UNE Loop & Port Combination - fKetil Analdg
CLEC mtm.n éa_.l_g.

® o6 @« a0 & O

Revision date: 08/1899 (vb)

BellSouth Telecommunications, Inc.
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Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-1
November 19, 1999
Item No. 1
Page 44 of 77




BeiiSouth
Enforcsmon
DRAFT

finition:
The ont of troubis ra not o time.
Exclusionst
v Troubls tickets cunecied & ths CLEC request.

v BST trouble roports associsted with internal or administrative servics.

|__e__Cumomer Provided Squipmen (CPE) troubles or CLEC Bquipment Trouble.
|_Businegy Ryley:

The negoriated commitment date and rime iy sscablished when the repair report is recsived. The clesrnd
tims Is the dase snd time thar B3T personnsi clear the trouble and closss the trouble report in his
Compuisr Access Termmal (CAT) of woratasion. (fthis (s after the COMBIMNGT tims. UO report i
flagged as s “Missed Commitment™ or & missad repair appoistaent. Whes the dats for this meane iy
con.cuaforanm.cuc.t:muwnmmmuu@mwmu
. are missed due to BST ressons. Nota: Appointnent unservals vary with force svailability i the POTS
- environment. 1aly jnseyvais are sandard (usrval of 4 hOUTS.

Pemnu;n of Missed Repair Appointments =% (Count of Customer Troubles Not Claared by the

c Time)/ X Trouble ¢ Period) X 100
sport Structure: i

¢ CLEC Spesific

. o CLEC Aggregate
- o BST Assressts
|_Luvel of Diseggregation:
¢ Product Reporting Levels

» Resale POTS

» Rosale DESION

» UNE Loop & Port Combination

» UNE Loops
¢ Grographic Scope
> Suts
» MSA — -
Dats Ratained Relating 1o CLEC Eyperioncs | Dyta Retained Rolating to BSY Experieacs |
»  Rsport Month ®  Repont Month
* CLEC Company Name s BET Compesy Code
¢ Submission Date & Time ( TICKET_ID) e+ Submission Dats & Time
*  Completion Dats (CMPLTN_DT) e Compismton Dme
s  Servics Type (CLASS_SVC_DESC) ®  Servios Type
s Disposition and Cause (CAUSE CD & *  Disposhtion and Czuw (Non-Design /
CAUSE_DESC) Non-Spectal Ounly)
s Geogrsphic Scope ¢ Trouble Cods (Design and Tnumicing Servion)
i o  Qeographic Scope
NOTE: Code in parentheses is the corvespondmy
__header found in the rew data flle.

CLEC Resals POTS / Bh Retail POTS

CLEC Ressie Design 7 BIT Retail Design
CLEC UNE Loup & Port Combination - Retil Analogue

CLEC - E——
Revision date: 08/27/99 (SE)
BellSouth Telecommunications, Inc.
A P 16 o177 Tennessee Regulatory Authority
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BeliSoud,
Eaferecmen Mosnrenents
] DRAPT
MAINTENANCE & REPAR
[ReporyMensursments
[ Cutgomer Trouble Repon ais.

i 3
nitta rapeatsd customaT direct oF refiiTed TOubiss reportad wi 8 calmasr montd per 100 |
circuits in service.
;lﬂlﬂ]ﬂl}t
¢ Troubie tickets canceled st the CLEC request.
o BST toubls reports m with sdminisrmtive swiu.
Cu vided CPE) soubles or roubles.

.mmm_
Trouble rt Raty is computed by scoumuy he ciauher of maintsssace (aival and
ﬁmuﬁhxdm&m%m%«mmmamw

the totsl “number of service” lines, ports or combination of for the CLEC's and BST respectively
at the end of the repart moath.
L Calculntion:

cwm«muwwm-(awawmwmuamumcw
Period) / (Numbar of Service Access Linss in servics gt End of the Report Period) X 100
Rsport Strycfure;
s CLEC Specific
‘o CLEC Aggregats
s __BST Agpreppta.
v 3
* v Product Reporting Lovels
» Ressle POTS
» Remnle DESIGN
> UNE Loop & Port Combination (This can not de captwwd for Total Report Rate)

¥ UWNE Loops
»  Geographic Scope
> Swde
> MSA
Daia Retal Experiouce _Dety Rytained Bolgting to BST Experisace |
¢ Repont Month ¢ Report Mooth
¢ CLEC Company Name ¢ BST Company Cods
¢ Ticket Submission Dats & Time (TICKET_ID) e  Ticket Submissioa Date & Time
¢ Ticket Completion Date (CMPLTN_DT) e  Tickst Compistion Date
*  Service Type (CLASS_SVC_DESC) ¢ Service Typs
o Disposition and Cesse (CAUSE CD & o Disposition end Cause (Noo-Design /
CAUSE_DESC) Noo-Special Oaly)
» »Sewium-uunuhs«viaumm«wiod . thmmtpudm;
s Goographic Scope Services)
o ¥ Servics Accens Lines in Service &
NOTE: Code in parentheses i3 the corresponding heeder sad of period
found n the raw data file. s Geographic Scope
Retafl %%ggmm
CLEC POTS /BST POTS
CLEC Resals Dosign / BST Retail Davign
CLEC UNE Loop & Port Combingtion - Retai) Analogue
CLEC UNEs-Retail Ansiog
Ravision dass: 08/27/99 (%)
. BeliSouth Telecommunications, Inc.
ExRibit A rage 170137 Tennessee Regulatory Authority
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Enforcemont Moumsvinstl
. DRAFT
W
ReporvMensuremensi
. M . A
i o"'mm" m- A':'mp“ guration of Custamaer Troubls Reporty from the recaipt of the Customer Troubls Report o
the time the trouble is ©
Ezclusions:
s Troubie reports canceled at the CLEC request
BST trouble reports ase0cinted with administrative vice
: Customst Provided Equipment (CPB) troubles or CLEC Equipment Troubles.
s Troudls 0
' of the recei corvect Twpeir request. The
Duretion the clock starts on the dete wnd time receipt of 8 .
e i & Rt (o e i i o Sl St
on hisher CAT or
= Maintansnce AVerege Durstion = T(Dule and Time of Service m)-m-i-um Teoubls
 Tlcket was 1 £ Totl Closed
| _Repon Strasture;
e CLEC Specific
o BST Agpvpl
s CLEC Agpregpns
_fevel of Disaggregasion:
. e Product Reporting Levals
' » Reszis POTS
> Resaie DESIGN
» UNE Loop & Port Combinstion
» UNE Loops
o Geographic Scope
> St
AT CLECE b od Re X
Daty Rotained Ralating to "Data Aeained Relatag o $8T Tipevieacs |
e Roport Month e  Report Moath
e Total Tickets (LINE_NBR) o Torsl Ticksts
¢ CLEC Compsny Name v mcm_cu-
o Ticket Submission Date & Time (YIME_ID) ¢  Ticket Submission Date
o Tickst Completion Dets (CMPLTN_DT o Ticket submission Time
o Service Typs (CLASS_SVC_DRSE) s Tickm compisios Dae
o Disposition end Couse (CAUSE_CD & o Tickat Compiletios Time
CAUSE_DESC) s Tow) mu Time
Gwm w L} m
' o Disposition and Cause (Non — Design /
NOTE: Code in isthe Non-Spescial Ouly)
'mm“wmd-au o Trouble Code (Design and
Tronking Servioss)
s __Oeogrephic Scope
Re
CLEC Rexals Donign DAY Reamil Desl
CLEC Resals Design »
CLEC UNE Loop & Port Combination - Retail Anslog
CLEC UNEs-Retail Analog
Ravision des: 08/27/99 (s0)
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BellSouth:
ORAFT

_Report/Megsyropegt e
Percens Repegt Troubley withip 30 Deys
1
Troubls reports on the sams lim(ciuw'lu.wbumu repart reseived within 30 calender deyy 0

a g of towl bles
Licluslowy:

s Troubls Reports cancaled & the CLEC request
¢ BST Troudie Repors sssovintesd with adminisrative ssrvioe
e Cusio ded CP or CLEC Troubdles.

Busigess Rules e c————————————————————————— e e

Calgula
Percentage of Missed ir Appontiments = (Count of Customer Troubles where more than ane
;'oubunmmlo M:nmngiulmwm;mmdm)/(uwa
8 C in -

11
Includes C Toubd ip 30 of } [4 youble |

o CLEC $pecific
s . CLEC Agpegstd
o _BST Aggrenals

Lovej of Dissggrogatios:
¢+ Praduct Reparting Levels

» Resale POTS

» Resale DESION

» UNE Loop & Port Combination

» UNE Loops
*  Geogsphic Scope
¥ Sware
» MSA
 Datg Retpined Retatiagto CULC Kiperiecs | Dets Retained Relating to BFT Kaperisnce |
¢  Report Month *  Report Mooth
«  Towl Tickets (LINE_N®R) e Toml Tickens
¢ CLEC Company Nsme o BST Company Code
s Ticket Submission Deta & Time ¢  Ticket Submission Duts
(TICKET_ID) o Tickst Submission Tiow
¢  Ticket Complesion Das (CMPLTN_DT) ¢ Ticket Completion Date
+ Total and Percemt Repest Trouble Raports o Tickst Completion Time
ﬂ{lm%;: Deys (TOT_REPEAT) *  Tota and Percent Repest Troudis Reports
*  Service within 30
v Disposition snd Causs (CAUSE_CD & e Servics Tmm
CAUSB_DESC) ¢  Disposition and Coe (Noa - Desigy/
¢ Geogrephic Scope Non~Special oaly)
NQTE: Code parenthesss is the corresponding r&w)w
header formas found in the raw dats fils. ¢ Geographic Scope

A

» /
CLEC Resais Design / BST Rotail Devign
CLEC UNE Loop & Port Cambinstion - Retail Anslogus

CLEC UNEj-Rotuil Analog

Revialon Gme: OU/23/99 (vB)
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BellSouth
ORAFT

(T ———

_Report/Megeprement;
v
DefNinition:
This measure peovides the percentage of sccursoy of thw billing invoices rendered 10 CLECs during the
cusrent moneb.
_Exclugiong: '
*  Adjustments not relsted to billing errors (6.8, CTOdIT Mor SEFVICE OURAgS, SHICIA) promocion sredits,
adjustmanta to satisfy thy customer)

The acourscy of billing invaices deliversd by BST t the CLEC aiust enable (hem 10 provide & degres
of billing sccuracy comparssive to BST bills rendered to retsil custonwes BST. CLECs reques
adjustments on bills dewrmined to be incorrect. The BellSouth Billing verification process includss
o s o Rt Cotomnr ping opions wnd YPeS of aevch: AD St mind ey e
. from & mix of &i customer bi types of srvice. An end-tovend suditin is
.-wmdhwm“mmmmmnmdmw :
]

Calculutios: —

(nvoice Accorasy = (Towl aumumuwmmmx ‘&-GWCWAMM during

currant month) / Total Billed Revenuss during cusrent month

Report Strusture;
[ CLEC Speti A and BST

_Level ol Disygpregation ;
¢ Produst/ [nvoice Type
> Ressle
» UNE
»  [nterconnection
¢ Geographic Scope
: > Region
Dty Rotained Raigting to CLEC Urperisgey: | Doty Retained Roisting 1o BST Porformance:
.| & Report Month ®  Report Month
s [nvoice Type o Retil Type
¢ Totl Billed Revenue » CRIS
¢ Billing Relased Adjustments T:-l C;Aaa:
® Im
o__DBilling Reinted Adjustmonty

[ Raall Ansiog/Bonchmarh
| Ratail

BellSouth Telecommunications, Inc.

Exhibit A Page 20 of 27 Tennessee Regulatory Authority
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Enforcament Meanrvments
DRAFT

SILLING

_ReporvMepsurements
_:_MMM

Definition: S
‘ i Vi interval for billing inves

: Y '
mewmmmwwmwmmachuaunwum
format. cusammmmmhwmucwumbm

Caiculation:

Miess Time To Deltver Inveicms = I ((Invoica Transmission Dete)- (Close Dt of Scheduled Bil}
Cyeley] / (Couns o Teansmicted in i i

[ Report Struetyre: . e
"CLEC Spesific, CLEC Aggregite and BST Aggrogyts
| Level of Digaggregation:

3
o Product/ Invoics Type

» Rosale
» UNE
>  Intsroonnection
;o Geographic Scope
»
Ratsinsd Relating to Dets Ritained Relating to BST Performsece:
e Report Month ¢ Repors Month
o Invoice Type ¢ Reuil Type
* Invoice Traasmission Count » CNS
e Date of Scheduled Bilt Close » CADS
o Involos Tranmmission Courk
o Duts of Scheduisd Bill Closs
[ Tioiyll Augjop/Benchmpric: |
CRIS-bassd invoices will be Teleased for aalivery within six (6) business days
CARS-based invoicss will be re wi calender
Revision daes: 077499 (g
Exhibis A m z‘ “n BellSouth Telecommunications, Inc.
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BeliSouth
Enforcemment Meswwments
DRAFT

RILLING

Report/Mesjurem
Uunmpclivuyucwy _

Definitian: - _______________———-——F——-—J
Thi mmcn!mwmwotmwuhwh!rdm and (n w0
uczpubumtomvaﬁucManlwmem.Mm
willwmammuhmuommdwmummnﬂ
mmmwwwuumuwucwwmmwmofmwww
cecordin

| Exslusions:
None
%.uwofm-mimotwmmwmwuwuwwumuu

m.mammmwummvwéudwm'-wlm 1€ srrors are
ammwauvwmmmmmwwum Berors we convected
ng!gm]mummc‘bm
MO e S CTTent M) — |
Us mnwhmmm-:[awwawmmmmmm)-
(T:snwofwmm rerransmission during current wonth)] / (Total aumber of
data sent ourent X 100

e CLEC Ao A BT Aggs ’
_L_._.._..___‘!!m

Lavel of D
o Geographic Scope
> Rs

(o)) O
mmﬁﬁmwms-— “Dyta Retgined Rolptiug to BST Performange:

e Repor Momh ¢ Repory Month
+ Resord Type Record Type
» BaliSouth Recorded

» Non.BellSeuth Recorded

ettt A

' =marit
Retail Analo

Revision date: 084099 (i)

L]

. : BeliSouth Telecommunications, Inc.
WW A Pege BN Tennessee Regulatory Authority

Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-1
November 19, 1999

Item No. 1

Page 51 of 77



BeliSouth
. Enforcament Measurements
DRAPFT

Rogmmu;omg
Usage Duta Delivery Timsiinees

This mmmmmmvidncmwofmwﬁbuumﬁ BET and usage

recorded by athst companies and wnt to BST for billing) that is delivered to the spproprists CLEC

wimtnsixto)wmwmmmermw . A measure is also provided
howing timeiiness of BST messages procassed and transminad vis CMDS. Timsiinsss, Completansss

s
and Mean Time to Deliver Uss

wd
transmission of mm«nmummw. The usage dase will be mechanically
mmimdwmdudncmmwmiummwy. The Timelinees interval of usage
:mgmbymumimmdmauanmum»umm

| giswibupmn o the CLEC. Method of delivery it ¢ the option of the CLEC: _

Cauicuistion:
Usags Data Delivery Timeliness = & (Totsl munber of usege records st withi six (6) calender days
trom initial recording/receipt) lzmmdg‘m@x 100

_Raport Styncturs: a
o CLEC Agpugsts

. o CLEC Specific
e BITA

[ Level of Disaggregatiost

o Goeographic Scope
» Region .
o i Rl CURC Vigarionen g B RET Fermane
. . Month o  Report Mouthly
s Record Type e Racord Type
» BeliSouth Racorded
» _Non-BellSouth Recordad L
rk: -

A
Retail Anal

Revision data: 0802/99 (ig)

BeliSouth Telecommunications, Inc.
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AILLING

Mean Time to Deliver U .
Gnities mmumumuwm:‘amuuxm

L3
uTeme ths 3V
s s 30 :vm‘::""" tireliswes '&'n“ i et &9 on the same
Timeliness, CW—B—M-
Exclusions:
Nons
B A VI B 10 @ evarags nuiber ofdays ke B L0 AU
o purposs of this risie CLEC. Usage dats is meshumivelly mcz‘c‘
Usage dets 1o ne m - of is ot the of the
dsta -

i wmlinup-t(MWXMMWdlemuUup

Mean Tinw
Record) / tousl record volume

_Roport Strustyre!
v CLEC Agpvpe
o CLEC Spssific

o BST Aggrepp®

Lavel of DistgRCeationi
e Geognphic Scope

Regi k
Data n:ulud !'L'!El“ to CLEC Experienges lm:
e Roport Month ! Repost Mm

Retail ABD
Retsil Ana

Revivion dutw: 07/499 (1§

BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
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Eaforeement Messuwroments
DRAFT

IBUNK GROUP PEAFORMANCE
L Repory/Meggurement:

Trunk Group Servics Repont
Definition: S

A report of the percent Blocking sbove the Messured Blockin Threshold (MBT) on el finsl tunk

raups betwesn CLEC Potnty of NInAKOD 8¢ BE N offioss or anNdems.

(Txclusiony: _
o Trunk groupe for which vaiid Tefitc Guts (8 NG Svailable

& High use sunk grougs

rﬁcm.uummmmumwmrumo-

SystenyTrunking (TNDS/TK), a Telcordis (BeliCore) supporied spplication. on an hourly bmsis for
mupswmmnmuwymmlcumm offered lond and
observed blocking ratio (calls blocked by calls sttemped), we sveragud fov ¢ 20 dey peviod,

. and the busy hour is sslectad. The busy bour & dats for esch vunk is coptured for reporting
purposes. Although all trunk groups are svailable m&ommmm;nup
with blocking greater than the Measured Blocking Threshold (MBT) and the aumnber of consacutive
monthly reports that the qunk group dlocking has excewded the MBT. The MBT for CTTG is 2% and

s 3%
Calcylistion:
Meagured blocking = (Totsl number of blocked cally) / (Totsl number of amstapeed calts) X 100 :
s Structure:
o BST Aggregste
) » CTTG
> Local
o CLEC Aggregme
» BST Administered CLEC Trunk
» CLEC Administered CLEC Trunk
¢ CLEC Sperifie
» BST Administered CLEC Tnnk
» CLEC Administered CLEC Tvamic

| Stats -
Ralating to CLECE [ Dyis Rotained Reletingto BST Exporioscs |
*  Report month ¢ Ropors month |
¢  Total trunk groups v Tatal vunk groups
*  Towl tunk groups for which dmp b sveilebie o Tow tunk groups R which dete is svailable
* Trunk groups with blocking grewser than the .

MBT W'WTMMMMMW
o Percent of qunk groups with blocking grester | o  Perosnt of tunk goups with biocking pester
tvgp the MBT

] than the MBT
_Retall Auslog/Benchmerk:
BST Analog
Revision Dew: 060999 (un)
BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
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Enforcament Megnrements
] DRAFT
TRAUNK GROUP PEREORMANCE
_Report/Messurement
Tr_unk G ca 1

' —— . . — e ——————————— e —
e T of ol il Fank roups Barween CLEC POIBR OF Prewmce and UST €nd GMicom or
umm.manmsmmgmmuum;mumnmm
d (MBT) for the runk
Esclgslony:

*  Trunk groupe for whish valid wafflc data is not available

wunmmmwwmamwwummnmwuazouym.

:mdmbmmuummbWthwhhmebw&m

purposes. AlelemtmmhmumWMMW

wsmuumgmmwumammmumnwumam

monmlyummmcwnkmhb;m%" has exceuded ths MBT. The MBT for CTTG is 2% and
the MBT for all other Tunk roups

_m_—mm‘—_-——-—_‘ |

Me Blocking ® (Tota) fumber of biocked 1 (T X 100
_Report Stractare: R
¢ BST Specific o CLEC Specific
» Traffic Idwmtity »  Traffic [dentity
» TGSN » TGN
» Tandem > Tadem
> End Office ; CLEC POT
> otl Descrivsd
» Observed Blocking »  Obtserved Blocking
» Busy Howr > Busy Hour
» Number Trunks » Number Tnmics
» Valid study days > Valid sudy deys
» Number repocty > Number reports
> Remarks » Remarks
Level of Digsggregation:
State
"Dats Retalued Beiting e CLEC Experunce | Deis Rorsined Rotstloy ¢ BT Experionce
¢ Report month ¢ Raport month
o Totl trunk groupe s Total tymk groups
o Tom! tunk groups for which ders is svailable | «  Total trunk groups for which daes is svailable
. wmmmmuu U wmwinm'mmm
s Percent of tunk groups with blocking grester | ¢ Pervens of tnk groups with blocking grester
than the MBT than the MBT
*  Traffic identity. TGSN, end points, ¢ Traffic identity, TOSN, ead points,
description. busy howr, valid study days. dascription, busy bour, valid sty days,
numbar reposts BAIMber reports
il A maric
RST
Ryvision Dase: 06/09/99 (m)
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Enforcement Mssawsmens
DRAFY
COLLRCATION
| Repart/Mensuremont: ____
| Collosstion/Persent of Dus Dates Missed
Measurss the nt of missed due ool
Excl

.
| ]

Time for BST to obraln
which the ¢

I g
The clock strts on the date has
accompanied by the spproprists

G- e

fos. The

Anymrmmmmmwwcm
Bona Fide firm orders (o sugment previously compieted erengmn ety

BST receives &

and socurese Bons FW
c10ck $ope on the dsxs Bat ST compiewss te coliocasion

Cileyarn

R Period) / N of

| Repors SLroetyle:

o Individusl CLEC (alias) sggregate

[ J
Lavel of

7w Siate, Region snd further geagraphie
Virtual
Physical

L
L4
M

WMuwildbyMCmiuiuW

S
petiod
Aggregats dsts

chmr:

Under development

Bxhibit A

Ravision Dew: 06/2099 (tg)

‘

-
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DRAFT

» _Usage Data Detivery Timeliness

'+ Usage Date Delivery Accuracy
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ORAFT

EXHIBIT C
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DRAFT ..

Statistical Methods for BellSouth Performance Messure Analysis
1. Necsasary Propertiss for s Test Methodology

stical process for testing if competing local exchange carriers (CLECs)
m::;um :cing west equlll: with BellSouth (B8T) sustomers invoives move than
just s mathematical formuls. Thres key clements need to be considsred before an
appropriate decision process can be developed. Thess are

o the typc of data,

» the type of comparison, and

o the type of performance measure.

. Omedwwomumdumiwdsmmwwuldhmwm
. complies with the following properties. :

ikg-1g-Li When possibls, dats should be compared at
appmpﬂlulmlmo.g.whvsm.dmofmmmm
new orders. The testing process should:

- Identify variables that may affect the performance measure.
~ Record these important confounding covariates.

- Adjwtonhoobmodcovmuomwmwwwﬁﬂbi’su
and to make the CLEC and the [LEC units as comparsble ss possible.

o Aggregate Lavel Test Statistic- Each performance measure of interest should
'besummauudbyouovenllmwcﬁviugthow:ionmam
that determines whether s statistically significant difference exista. The test
statistic should have.the following propertics.

- mmuhodsbouldmvwnsiuhovmllindu.ouwm.

- If entries in comparison cells are exactly proportional over a covariate.
mwmmuvaymmcmuifcompmnm
on the covarists had not besn done.

- Ths contribution of each comparison cell should depend on the
aumber of obestvations in the cell.

~ Cancellation detween comparison cetls should be mited.
~  The index should be a continuous fimction of the observations.

« Produgtion Mode Progeas. The devision system mut be developed so that it
dmmmmwmmﬁmuhmmh-
“black box.”

— Calculations ar¢ wsll defined for possible oventualities.

" BellSouth Telecommunications, Inc.
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-;Tudwuionpmmumdgoﬁmwumﬂmd
intevvention.
- Ruulushouldbnnivoduintﬁmolyw.

~ ust i dutmomumuuddtovomq
e i s o e
imely MAnnes.

—  The systsm should be suditable, and adjustable over time.

. m.mm;mlwmmdmelMTWUEm
probabilitiss.
- ?MIW)-Pmum)hMWMMde
hypothesss. '

- cmr«.wsmcﬁmwuwuwu
x&wmmwwmum
should svoid metbods that require computationally intensive
tschniques.

- umémmmmﬁumumuwmww
hmmwmm«ofomummuummm
cdmﬂsdncdswmscﬁdcdvdu.

{n the following sections we describe mmwﬁnspmmm»muchu
possible to the testing principles.

Measgement Typet
The perfommmum:wwwmmmofmwz

1) means

2) proportions, and

3) rates

wmnemmuwwmnzmm(amam.woum@
takes on only the valuss of 0 ot 1).cmmwmuwvdmmmm.
mniamﬂvutwofww
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{1. Testing Methodology

measuremsent typs, 3 testing methodology is recomunended. Each methodology is
described in more detail in the sppendix, including the methodology for calculating 8
calancing point. .

. Many covuimmwmotdumpmvld-wwmnﬁma fevels. In
ewhcompuiwnu“..lsuwuwcm The form of ths Z statistic may vary
ammgoummmummicmmumwwumwm
smmmm.wmmmmmqum. Assuming that the test
statistic ilden'vedsodmitilnulﬁwwmm'pufombnhccwc is worse than
for the TLEC. & positive truncation is dons - i.e. if the result is negative it is left alone, if
the result is positive it is changed to zevo. Amswofduuwmdmﬁ:ﬁu
isc:lculuedwhmueuwtightdcmduumvohmofBSTMCLECordmium
cell. mweighudavmpummdbymwMohmw
dlm‘bution.andthisisdividodbydwmdﬂdmohbw;vmm
- standard error is computed assuming & fixed effects modsl.

. In this method, many covariates are chosen in order to provide
deep comparison levels. The aversge differonce betwesn performance measures i3
calculsted within sach comparison cell, and 8 weighted aversgs of the cell differences is
calculated where a ceil weight depends on the volume of BST and CLEC orders in the

cell. The standard ervor of this weightsd aversge is computed assuming a fixed effects
model. i.e. correlations between cell differsnces are treated a3 binses.

Proportion Measures

Forpeﬁommcmthnmumwdusmmmwz
mmmwuauﬁ:aummmuwmmL In cach
ﬁimmull.mwzmmmm&rmoWZmbe
calculnied in 8 direct mannev. hdjm«lhmmmmtclouw
motom.wwmmmhsiwmmwmamwoﬁmﬁou
can be used. In this cass, the moments for the truncated Z come directly from
mpminom.mwwm If the normal approximastion is not
WMNZM&WMMW&M&M@
The probability, P, is calculated using a hypergeometric probability distribution,
whm?iuhtmwutyofdumavduuumu\ewmmmm
observed responss. The Z statistic is defined as Z=F"'(P) where F is the cumulatve
distribution function for the standard normal. In this case, the maments of the

mdemwmduﬂcmﬂymthhyWnpmhbiﬁﬁu
Rate Measurss

The truncated Z methadology is also recommended for rats measured. The genersl
strusture for calculating the Z in each osll is similar to that deactibed for proporticn
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measures. F«:mmdmmnﬁxdnmhwofm\duorumfmm
CLEC. ntyy and & fixed number of units for BST, mi;. Suppose that the performance
measure i3 & “troubls rate.” Tbcmoaliugmpﬁouummmora .
wouble is independent berween units and the number of troubles in 1 circuits follows
a Poisson distribution with mean A n where 4 is the probability of & toudle in |
circuit and u is the number of circuits.

lnmadjmtalkiftbombwofCLECwubluismMlS and the
numbey of BST troubles is groster than 13, then the Z temt is calculsted using the
normal spproximation to the Poisscn. In this cass, the moments of the truncated Z
come&mﬂyhmwpﬂuofhwmm Otherwise, if there
mvwfwwubl“thnmh-ofCLECmbluwNMhdulinllbimmN
distribution witbuequdtntbtouluumbwofmbhs(cwc plus BST toubles.)
mwsmumwmmmmwquhMmh.m
exmbmomidpwwuﬁamdlhdcwul-"a’). n this cass, the momeuts for
wmmzmwmwwmuwmm

Maan Measurss

memummuwodympwdmdeuammm
cdcmﬁoaofmmmiamm_hem lathhuu_.itilwdwdut

modiﬂedzmﬁvumw!y:hemmnluumomdem

for mean measures. Therefore, the possibly largs expenditure in resources noeded
wwﬂommemcMZmdmmtmmwd.dmwhwm
modified Z test appears to give similar results, more efficiently.
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APPENDIX
TECHNICAL DESCRIPTIONS
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A.1 Common Netatien

n; = the total number of BST observations,

n; = the totl number of CLEC obssrvations,

ny; = the number of BST cascs in cell J,

nz) = the number of CLEC cases in csll j,

1 = the true BST average performance,

Hy; * the rus BST sverags performance in cell j, .

X, = the averags performance messive valus of the BST obssrvations,
X = the mean of the BST observations in csll §,

\s

13 = the true CLEC aversgs performance,

waj = the trus CLEC aversge performance in cell j,

X, = the average performance measure valus of the CLEC observations,
X, = the mean of the CLEC observations in cell j,

o = the trus standard deviation of the BST performance,

o2 = the true standard devistion of the CLEC performance, and

s, = the sampls standard dovistion of the BST obesrvations.

X;ij = the valus of the performance measure for the i* BST observation in cell j,
X3 = the value of the performance monsure for the i* CLEC obssrvation in cell j,

t"u:xw
"2;"” "E zwu”u

MSh&onbuotdinuﬂr

z"u (w, + D)5,
3 .
v ™ (”, )3
", -
4 nu
0 whenn,, =1
»
H, s 2(4\' w =%y
= whenn, >1
n, ~1
BellSouth Telecommunications, Inc.
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. PROPORTIONS AND RATES
TEST STATISTIC AND BALANCING CRITICAL VALUE

Truncated Z

Disaggregate dats du";'ly into like-to-like comparison celts. Includs
geographic/businsss unit covariates, such as wiro centsr, time fectors. and other
service factors, &.§. dispatched, residential, new orders. o .
Cmmuazmcbrmhawmmmmmmmudmwdso
dmitisumdvewtwpdomfatbocwcismwmn._sc.deﬁm
amuudwmwioumozmwzmmmo,owum.cuo.
Fiwly.wmwﬁmwm«uuw@udm
wcmmmwmofuwwmmmm
ull and altemstive hypothesis. )
;om.mzmcwmmummmmuhmmsmw
ammmmaw&mmmzwummmrwm
null hypothesis. _ ‘
Determina a critical valus, cp, 30 that the probability of 8 Type | Esror is equal to
the probability of a Type [ krror. _ - B
st::!henullhypotblsisofplritymmnmmdl!hulmmmocuucal
value.

In mathematical terms, let S be the total number of like-to-like cpxgpuruon classes that
have both ILEC and CLEC tansastions. The truncated Z statistic is

TW,2 - T W,EZ] )

2= n
W) var(Z}" | Hy)
4

L]

where

W= .

Tk

2% « min(0,2°), Z* the Z matistic within cell § when By and my are

sufficiently large, and it is an adjusted Z valus (desctibed below) when the

cell sample sizos are not largs snough,

E(Z" | Hy) is the theoretical mean of the truncstsd statistic under the null

hypothesis, and

BellSouth Telecommunications, Inc.
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va(Z° | Hy) is the tworstioal variance of the truncated statistic under the
oull hypothesis.

normal
coll sample sizes are not large enough for Z¥ 1o be weil approximated by &
m'\‘:ution.tb:uuut testing methods must de used. If_m.m u::muu
propnbnmmncmwmvolmwwme dis O?M measure
compoadsmmmmmw by the binomial distribution, .nmmm“
uses permutation (eating for an cxact toxt- Wotwﬁnpw.;;u:ﬁup
forthomisdemmimd.mdtlvdw&omtbow&w\bwonmwa

probability equal to the p-value is used as an adjusted Z value for the ce

The testing hypothesss aro
Ho! My ® M2 oy = oy
Heug = py+Sopag=im)  8>0i1mdj=1,...8.
Abﬂmlngaiuwvdwtbrmummsﬁoh _
)= w ad
;WJM('J"“I in;

,E WiV(m,,se,) + ;WJ 3" 3x
J

where
+
s, w2ty
! -.4'7-';"7 ! V"u""u

AL W 1B llz, l._|_s_2
e T I
L) .,.“.“,{j_(g)zl,m(l 9’)'%«!{-({.}’]
E: Z \o - ];o
ed(x)-%:[up(-;'m is the special function commonly lmown u'&nwﬁmﬁm
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- AVERAGES AND MEANS
TEST STATISTIC AND BALANCING CRITICAL VALUE

Aggregated, Modifled Z

o Disaggrogate data dewply into liks-i0-like compasison cells. Include
mwummwzmwmu.mhumm.mmwom
service factors, ¢.§. dispatched, residential, new orders.

° Cdgmawﬁmlvmwofmmmwtmmmbmddivideic
by its standard error.

» Determing a critical valus, ¢y, 30 thas the probability of s [ Ervor is equal to
the probability of a Type Il Esror. Y ofs Tyee =

. mmgmmcmmﬁcisdcﬂvdwmuhupﬁwwm ormance
forwcnacummwmuc.mwmummm‘:gmq
when the test statistic is less than the critical value.

- In mathematical terms, let S be the total number of like-to-liks comparison classss
have both ILEC and CLEC transactions. mwmaoazmﬁcu thet

using the notation defined in B.1.
The testing hypotheses are

Ho: py ® bap o) = oy’
He: W3 = Wy + &ou, oyd=aoy  8>0,Axlandj=l...S.
The balancing critical value is calculated as

'5; n 4y

Cy ™
- n,(w, + ), + (W, + 1),
)

To avoid calculating cell level sample variance onc can also use
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BST VSEEMS REMEDY PROCEDURE
TIER.1 CALCULATION: ’

1.
2.

Calculste the test statistic for esch CLEC st the State Lavel; Zeuse: ]

¢ i gssociated with the atemative hypothesis (that
critical value( Bawm 1thetin @ otnesia (
tch.ol%‘ll..et:"‘r:.o:: ':::i:‘ not exceed the ILEC mean by no more than 1003 3% of an ILEC sta
deviation; where, 5 u is fixed).

¢ . stop here.
if the smtmmuwchoqualtoormabmmsmuhnmaw“m top
Otherwise, go to step 4.

. . above
f the smmumwcnnoummsuuuwmwwm. repest steps 1. and 2. 3
:l:th. Metropolitan Statistical Aregs (MBAs) level.

For those cases where the MSA test statistic for the CLEC fale beiow the MSA balancing critical
value for the CLEC, go t0 6.

Calcuiste the & sssocisted with the 2-acore.
Calculate the incraase sbove the materiality factor between the results of steps € and 2: s
Calculate the Affected Volume by muitiplying feiiure m- by total volume.

Plug the result of step 8. Into the remedy aigorithm to determning payment,

where payment = m; " Affectad VolumecLecs °33
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88T VSEEMS REMEDY PROCEOURE
TIER-3 CALCULATION: -

1.
2.

© ® N &

Caiculate the test statistic for the CLEC Aggregats at the State Level. 2cigca

‘ ¢ i hypothesis (that
Calculate the balancing critical vaiue( 8 e 1thatis associated with the altemative
m:ccul...ﬁc mean does got exceed the ILEC mean by no mong than 1008 g% of an ILEC standard
devistion; whare, 8¢ is fixed). '

If the State tost statistic is equal to or fells sbove the State balencing oritics! value for three
consecutive months, stop here. Otherwise. go to step 4.

If the State test statistic falis helow the State belancing critical vaiue for tree consecutive months,
repest steps 1. and 2. above st the Metropoiitan Statistical Areas (MSAs) lavel.

For those cases where the MSA taat statistic for the CLEC Aggregate felle below the MSA
balancing critical value for the CLEG Aggregate for three consecutive monthe, §o to 8.

For each month, Calculate the § associsted with the z-score.
Calculate the increase above the materiaiity factor between the results of steps 8 and 2, my
Calculate the Affected Volume by multiplying faliure rate by tetal volume.
Plug the result of step 8. into the remady algorithm to detormine payment,
where payment :.j:.n;; * Affacted Volumecueca * $$
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EXHIBIT E
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Tabie-!
PER AFFECTED ITEM
Memh | MgsBl | Mong | Wowid | Woed3 | Wiowh
oSS N ss $10 $20 829 $35 $40
Pre-Ovrdering =
Ordering 310 L 1K) 13 $48 $ss 363
oo inatets Customer Convarsions) §78 $100 $200 8230 §300 400
Mainsnsnce end W $79 $100 5200 $¢30 $300 $400
Billag $0.10 $0.18 30.50 $78 $1 $1.50
LNP $73 $100 $200 $230 $300 $400
IC Trunks $73 $100 $300 $2%0 $300 $400
Collocation $1,000 81,250 $3.000 $3,500 $3,000 £5,000
Table-2 -
VOLUNTARY PAYMENTS POR TIKR:3 MEASURES
"Por Aftucted Thom |
0SS '
. 40
_Pre-Ordeving
Ordering 45
Provisioning
Coordj Con' $400
Maitsaance snd Repeir $400
Biiing $1.50
| NP $400
1C Trunks $400
Collocation $3,000
BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
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- TIER-1 AND TIER-2
ANNUAL ENFORCEMENT MECHANISM CAPS BY STATE
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BELLSOUTH Nov 19 99  14:32 P.02

AFFIDAVIT
STATE OF: Georgia
COUNTY OF: Fulton
‘ i I, Alphonso J. Varner. Senior Director-State Regulatory, BellSouth

Telecommunications, Inc., do hereby certify that the Late Filed Hearing Exhibit, Item no.

1,Voluntary Self-effectuating Enforcement Mechanisms (VSEEM 1I), is in fact the second

‘é “; it and most recent written proposal to the FCC regarding self-effectuating remedies for

i
tod

| Hi H

performance measurements. Also attached is a list of what we understand to be concerns of

the FCC related to the attached proposal.

Yo

Alphonso J. Varner

T _-SuwYh 1o and subscribed
-~ before.me this | &

. day-ot” November, 1999

NOTARY PUBLIC

MICHEALE £, HOLCOMB
Notary Public, Douglas County, Georgia
My Commission Expires November 3, 2001




REQUEST:

RESPONSE:

BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
Docket 99-00430 and Docket 99-00377
Late Filed Hearing Exhibit AJV-2
November 19, 1999

Item No. 2

Page 1 of 31

Provide the study Mr. Varner cited in his rebuttal testimony on Internet
usage. (Transcript, page 725, lines 18-21).

Attached is a complete copy of the study referenced by Mr. Varner,
including the two pages containing the data cited by Mr. Varner
concerning the expected growth in the use of the Internet. (NOTE:
The date shown is the date printed, not the date compiled.)
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Young or Old, Many More
Consumers Are Online

16 November 1999: More consumers buy,
more women buy, and teens pass up TV for
the net. Find out what other wonders are
happening online!

US Net Users Top 100 Million

eSearch

GO!

Mail This Article |
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Do ad banners
work?

Find out.
Click here.

15 November 1999: In a new report Strategis
Group not only finds lots and lots and lots of
users online in America, but that they are
getting more savvy too.

Who's Earning from Ads, Who's
Not

15 November 1999: According to
ActivMedia, the web is not, for the most part,
supported by advertising revenues.

Browser War Comes to an End

15 November 1999: Once there were many,
now there are two. It's "Last Man Standing"
played among the browsers.

Internet Chan eé Shoppin
Habits, But Web Ads Find Eittle
Popularity

15 November 1999: They say once you
shopped the net, you never go back.
eConsumers may like the web a lot but
interstitials are still annoying.

Euro-Consumers Spend Online

Advertising

The new trends in online
ads. How high will
revenues soar?

Geograph

Track the Internet as it
goes global! From
Argentina to Zimbabwe.

Demographics

The profile of the net:

age, gender, income, race
and every other demo.

Usage
What people do online.
Where, when and how.

eRetail

How much e-consumers
are spending and what
they are buying.

eCommerce; B2B
All the key stats on the

nuts and bolts of
e-commerce.

Doing Business Online
What does it take to
succeed online?

Net Take-Aways
11 Net take-aways for
online business
professionals.
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8 November 1999: To the tune of $16 billion,
the highest estimate to date.

Japan's Users Take Advantage of
Network Services

8 November 1999: Internet providers in Japan
are growing, and the number of Japanese users
is growing too.

New Report on Internet Economy

4 November 1999: If you want some
indicators of how large the economy
surrounding the internet is, this report on the
Internet Economy Indicators is just for you.

75% of Online Shoppers
Abandon Their Carts

1 November 1999: The internet is littered
with abandoned shopping carts. Find out why
so many online consumers get cold feet when
it comes to the check out.

Online Shopping Grows in
Germany

1 November 1999: Germany, more than ever,
is getting online shopping fever and they are
racking impressive revenues.

A Quarter of Britain Surfs!

1 November 1999: Brits are finding many
reasons for using the net. Find out who's
online and what they are doing.

Logging on for Catalogs

1 November 1999: The natural affinity
between catalog shopping and buying on the
net is further explored in research from the
Direct Marketing Association.

Reports Available from eMarketer

Want to know more about what is happening
on the net? eMarketer takes today's net news
and puts it in context. Whatever the topic,
there is an eMarketer report with the most

http://www.emarketer.com/estats/welcome.html
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Cliek fermore infor—ation

This Week's ePoll
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today

O No opinion

l Submit Answer
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Data Chaos

If you are feeling overwhelmed by the barrage
of confusing and conflicting statistics you've
seen relating to the internet, you are not alone
(and you have come to the right place).

The often-wide discrepancies seen between
research figures create confusion and
frustration among online marketers,
e-merchants, ad agencies, consultants,
entrepreneurs and other industry watchers
struggling to get their arms around the
constantly evolving internet marketplace.

For instance, eMarketer counted no less than 12
different estimates from 12 different
researchers for the dollar value of consumer
electronic commerce revenues transacted over
the 1998 holiday shopping season. The figures
ranged from a low of $2 billion to a high of $8
billion (see grid below). Similarly, we have
looked at 23 different estimates for the number
of people online in the United States.

Why Don't Researchers' Numbers Agree?

Three principal factors explain the
discrepancies seen in the published figures:

1. different definitions

2. different methodologies

3. hidden biases

In addition, though most researchers won't
admit it, there is a considerable amount of
guesswork involved in measuring anything to

do with the internet.

How is eStats Different?

Questions or
comments on eStats?

Click Here

The free stats

provided here are
updated every 6 -
8 months. For the
most recent stats,
analysis and trend
data, visit our

eStats Report
Page.

Don't buy online
advertising.

BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-2
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data tonnage to give you straightforward
answers on every aspect of the internet.

Unlike other research organizations, eStats does
not conduct primary research. As a result, we
have no testing technique to protect, no
research bias and no clients to please.

Aggregation Approach

The eStats methodology is founded on a simple
philosophy of aggregation:

The key to approaching
quantitative truth -- particularly
when examining the internet
marketplace -- is to consider
data from as many reputable
sources as possible. No one has
all the answers. But taken
together, multiple sources,
coupled with healthy doses of
common sense and business
intelligence, create a reasonably
accurate picture.

The eStats research team gathers research
studies, surveys and reports from hundreds of
published, publicly available sources from
around the world; we then filter, organize and
synthesize the information so it can be entered
into our eStatNet Model™, a proprietary
statistical model of the entire web.

From the model, we develop our own analyses,
estimates and projections about the size, shape
and direction of the internet. This information
is presented, along with detailed source
comparison data, in the form of tables, charts,
graphs and analysis. As a result, each set of
findings reflects the collected wisdom of
numerous research firms and industry analysts.
The benefits to our readers are three-fold:

 The information is more objective and
comprehensive than that provided by any
other single research source.

 The information is available in one place
-- easy to find, evaluate and compare.

« The information can be quickly accessed
to make intelligent, well-informed
business decisions.

"We see the growing proliferation of new

internet research studies, surveys and reports as BellSouth Telecommunications, Inc.

an exciting challenge -- to continuously Tennessee Regulatory Authority

assimilate these new datapoints into a Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-2
November 19, 1999
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meaningful, coherent whole -- to make sense
out of chaos.”

--Geoffrey Ramsey, Statsmaster, eMarketer

eStats: Range of Estimates for Dollar Value ol
Consumer eCommerce Revenues During the 1998
Holiay Shepping Season

Source 1958 401938 40asa
tHalidayl %% of Tatal Year
Cyber Dilogue 6,200 $2.000 23%
IndeBaads i Zift Davisl RNa $£2,000 Ha
eStats 5,300 $100 38.0%
Jupiter Communic atians 5,800 §2,300 347%
Yolpe Brown Whelan 6,000 $2 300 28.3%
Dataguest/Gartngr Group $,100 £2.350 5%
Yarken Group 7.200 £2 550 25 4%
Bimary Compazgs Ma $2.900 Ma
IGL 11,505 $3.444 1% 9%
Forrester Resaarch 7,500 $2,500 34.9%
frg-rast sl
Bostun Consuiting Group 13,084 $4.400 23.8%
MCA iinterpublic Cost Na $8.200 Ma

R g
IRl Ac N L

1
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eNews | eStats | eList | eDirections | eLinks | eCommunity | eServices | Contact us | Privacy | Home

©1999 e-land, inc.
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 Introduction  Table of Contents’ Charts & Graphs Preview Pages  Instant Delivery
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NEW!

The Definitive Guide to Who's Online in the U.S. -- : l““
and What They Do. e
LUser & Usage Fegort
The eUser & Usage Report, 179 pages with 305
charts and graphs and packed with statistical profiles
for all U.S. internet users, goes beyond the latest on
market size and growth. it Report, paints an
up-to-the-minute three-dimensional portrait of the
internet.
. Order This Rcport
US Internet User Population, by Age Group, for 1399 | What People Say

- Our Methodology

1-12 Years
11.7M

Newsletter sign-up
eMarketer Home

For information on
other eMarketer Reports:

eUser & Usage Report

O AN .
Senna shidarioter 1995 eRetail Report

eAmericas Report

Whatever demographic profile you need - age, eEurope Report
gender, income, occupation, marital status, household  ¢aqia Report
size, race or ethnicity -- the eUser & Usage Report has
it. The report targets the internet user categories that ~ 2Sobal Report

are re-shaping the web, including: women, children, eAdvertising Report
teens, students, seniors, minorities, gays and eCommerce B2B Report
business users.

This report shows, how, where and when people go
online -- and why. It is full of detailed statistics on what
users do online: from downloading music to banking to
playing games.

Do you know?:

« How many people are online in the US?
« What are the income breakdowns for US internet
users?

« How many kids, teens, adults and seniors surf
the web?

« What do teens do most online?
» How do people find sites on the web?

. . . BellSouth Telecommunications, Inc.
. YPYQ?/: ;El’?orltles have established a presence on Temnesses Regulatory Authority

Docket 99-00430 & Docket 99-00377
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» How does African-American usage compare to
other minorities? _ _
» How many hours a week do seniors go online?

These and hundreds of other questions you need to
know are answered in the eUser & Usage Report.

Primary Business Users Out-Number Primary Home Users®
108 Million

88.9

B US Adults (18+) Online B Miilions of “Business” Users

Soweoa ghilatersy 19%

Of e fimie gnima S

This report offers a host of data points from the most
reputable and reliable sources available, including the
US Census, Forrester Research, Jupiter
Communications, Media Metrix and more. The
collective wisdom of the world's leading research
organizations gives you a plete and comprehensive
understanding of who's doing what online

Published: September 1999

172 pages, 305 charts and graphs
$795

Click o order this report!

eNews | eStats | eList | eDirections | eLinks | eCommunity | eServices | Contact us | Privacy | Home

©1999 e-land, inc.

BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
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14. Penetration of Consumer Tech Products in
Online Households

15. PC and Internet Penetration of US Households

16. Number and % of Households with PCs

17. US Household Penetration of Telephones, By
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v

1. Measuring Adults and Teens ( 13-17), for
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Male vs. Female Usage Online: 1997-1998
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Media Metrix: % of Net Users Who are Women
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Source Comparison: Marital Status of Internet
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Marital Status of Net Users
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Distribution of Ethnic Groups in America -
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11. Millions of Internet Users, by Ethnic Group
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13. Penetration of Internet Among Ethnic Groups
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18. Hispanics in America
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College Student Spending
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Worldwide, eStats projects that the number of
internet users will nearly quadruple over the next
five years, from 36.0 million in 1997 to 142.0
million by the year 2002. This represents an
average annual growth rate of 79%.

In the United States we see the number of internet
users growing from 24.0 million in 1997 to 64.0
million in 2002, based on an average annual
growth rate of 53%.
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There are two opposing forces governing the size,
shape and growth of the ISP marketplace today:

1. the industry trend towards consolidation, led
by the giant cable and telecom companies which
have the infrastructure and financial resources to
swallow up smaller ISP firms, and

2. the emergence and proliferation of segmented
or "vertical" ISPs dedicated to a specific industry,
region or user group.

Reconciling these two trends, eMarketer foresees
a continued buiid-up in the number of ISPs
through the year 1999, followed by a gradual
consolidation as the smaller, less competitive
players get weeded out.

The ramp-up and subsequent decline in number
of ISP entities will resemble a bell curve, based
on 1,340 estimated for 1996, rising to a projected
peak of 4,700 in 1999 and followed by a
precipitous drop-off to only 2,600 in 2002.
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Usage Patterns: How Much Time Spent Online

Based on our analysis of current as well as
historical research data, people are spending an
increasing amount of time online. In 1997 the
average net user household spent 4.9 hours per
week online, but that number has now risen to 5.4
hours, representing an increase of about 10%.

Despite this increase in average hours per week,
only about 26% of net users get online on a daily
basis.

Average Net Hours Per Week, Per Househald

Source Average Hours Per Week
Intzlliquast 98
eSeal;h Ddyssey Hemetrom 34
i Computer Intelfigence 5.2
@_!J Net Ratings 5.1
Strategis Group 50
eStats 538
Mail This Article Media Matrix 50
o unassociole © 20 Market Intzligence 45

Don't buy online
advertising.

Doy remgne gzl g mes

The average America Online user, in contrast,
spends about 47 minutes per day online, or
roughly 5.5 hours per week.

Average Number of Minutes Spent Per Day on AOL

Amarica Online 50
Nieisen (10 1935) 51
Media Matrix (1998} 46.6
aStats (1996) 47
Souind shiats

Another way to evaluate time online is to
examine frequency distributions. Here, too, eStats
has seen more net users creep up into the higher
frequency brackets.
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REQUEST: Provide the number of Professional Services Agreements (PSAs) for
provision of combinations of UNEs by BellSouth that have been filed
with the Tennessee Regulatory Authority (TRA). (Transcript, pages
738, line 21 to page 739, line 1)

RESPONSE: None. BellSouth has no PSAs with CLECs that are certified to provide
facilities-based local service in Tennessee.
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REQUEST: Please provide: (1) copies of studies supporting the average duration of
local and ISP calls; and (2) available information concerning the average duration of
all calls, except long distance. (Transcript page 742, line 14 to page 744, line 2)

RESPONSE:

(D) Attached is a copy of: (a) Report of the NARUC Internet Working Group,
“Pricing and Policies for Internet Traffic on the Public Switched
Network”(March 1998); (b) Atai and Gordon, “Impacts of Internet Traffic on
LEC Networks and Switching Systems” (Bellcore 1996); and (c) Atai and
Gordon, “Architectural Solutions to Internet Congestion Based on SS7 and
Intelligent Network Capabilities” (Bellcore 1997).

2) BellSouth does not have the requested information readily available.
However, BellSouth is attempting to derive this information from available
data and will supplement its response accordingly.
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PRICING AND POLICIES FOR INTERNET
TRAFFIC ON THE PUBLIC SWITCHED NETWORK

REPORT OF THE NARUC INTERNET WORKING GROUP

Contributors .

Jeff Richter (Wisconsin) ~ Co-Chair Doris McCarter (Ohio) - Co-Chair
Mark Long (Florida) Tom Solt (Missouri)
Vivian Witkind-Davis (NRRI) Joel Shifman (Maine)
John Hoag (NRRI) Barbara Combs (Oregon)
Terry Reid (Florida)

Acknowledgments .
Sandy Ibaugh (Indiana) Michael Dorrian (Ohio)
Linda Schmidt (NRRI) '

FINAL DRAFT

Submitted to the Committee on Communications at the
NARUC Winter Meetings, Washington, D.C., March 1998



BellSouth feiecommunicafidﬁé, fﬁ&
Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-4
November 19, 1999

Item No. 4

Page 3 of 58

I. Introduction

Growing use of the public switched telephone network (PSN)! to access the Internet presents
new, difficult policy concerns for regulators. Promotion of Internet use is consensus public
policy nationally and even worldwide. But snowballing Intemnet growth has costs and allocative
implications for Internet relayers (including providers of both the backbone network and access),
for intermediate telecommunications carriers, and for end users, ihcluding both individuals and
businesses.

This report is the product of efforts by members of the National Association of Regulatory
Commissioners NARUC) Communications Committee and Communications Staff
Subcommittee to address current public policy issues on use of the PSN to access Internet
services to exchange messages and information, transfer data, and conduct transactions. Some of
the issues were first formally raised before the Staff Subcommittee in a provocative panel
discussion at the NARUC Winter Meetings in Washington, D.C., in February 1997. The Internet
Working Group was formed at the winter meetings and sent a questionnaire to industry players in
mid-Aprii 1997. The Working Group reviewed responses to its questionnaire, comments filed at
the FCC Notice of Proposed Rulemaking (NPRM) on Access Charges,? and comments filed in
response to the FCC Notice of Inquiry (NOI) regarding use of the PSN by Internet service
providers.’ A follow-up panel presented further discussion of the issues before the NARUC
Communications Committee at its summer meetings in San Francisco in July 1997. The first
draft of this paper was presented along with a request for comment at the NARUC Annual
Meeting in Boston in Novemnber 1997 :

AT&T reports that there will be 30 million Intemnet accounts for 43.2 million households and 2.1
million businesses by the year 2000. This growth will help people to do such things as pay bills,
improve themselves through education, and work at home. Demands will also be made of the
network to provide greater and greater bandwidth as multimedia, voice and other Internet
applications become more commonplace. Intermediate telecommunications carriers (the ones
that connect Internet end users to the Intemnet) are concerned that these increasing costs are not
being borne by those causing the investments, thus straining the capabilities of some
teleccommunications resources previously deployed for other public and private purposes. The

' The FCC has begun to use the term public switched network, or PSN, in place of the public switched telephone
network, or PSTN. The term PSN applies to *any common carrier network that provides circuit switching between
public users.® Newton's Telecom Dictionary, 9* edition (New York: Flatiron, 1995), 914.

* FCC 9688, released December 4. 1996, Access Charpe Reform, CC Docket 96-262.

! FCC 96488, released December 4, l%mmmmmmm.&mm@mﬂ

Access Providers. CC Docket 96-263.
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FCC’s exemption of Internet service providers (ISPs) from access charges may-be hindering
migration of Internet use to more appropriate technology than the existing PSN, which is
currently designed to handle voice traffic rather than data.

The Internet is first being deployed to large businesses and wealthier, more urban residential
users. Schools, libraries and rural health care facilities nationwide are receiving subsidies for
Internet investments under the Telecommunications Act of 1996, but there is no promise that
other rural and low-income customers will receive Internet access any time soon. Planning for
universal service has not addressed the means to support a ubiquitous national rollout of
advanced telecommunications services maintained at affordable rates.

In this report, we analyze issues of PSN congestion, local access pricing, and universal service
from the perspective of public service commissions concerned for the public interest, including
the preferences of U.S. customers of telecommunications and Internet services and the broad
range of providers of those services. Internet issues have also been addressed at the national
level by the Federal Communications Commission (FCC), the Clinton administration, the
National Telecommunications and Information Administration (NTIA) — the Administration’s
policy advisory arm — and the Rural Utility Service (RUS) in the Department of Agriculture.

We first address, in a qualitative way, the technical impact of the Internet on the PSN. We limit
our analysis to consideration of calls dialed to reach the Intemet. Some of this congestion is due
to ISP failure to provide a sufficient number of connections for their users, so the users
experience busy signals when they attempt to dial in. We do not address a second problem, the
phenomenon known as the *worldwide wait,” named because of slow responses to user requests
while they are online to the Internet. Nor do we address congestion problems that may arise as a
result of dial-ups to computers that do not involve connections with the Internet.

In Section Il we review technical solutions for the problems posed to the PSN and some other
vehicles for access 1o the Intemet. The question is posed as to whether the PSN is the
appropriate vehicle in the long term for carrying this traffic or whether some other network is
better suited. We discuss the various technologies that may be used to provide access to the
Internct, and their suitability and likelihood of becoming the preferred method of access in the
short term and fong term. We provide an initial, broad analysis of the costs of migrating the PSN
to a data environment and relate this to currently available technology and emerging
technologies.

Section 111 attempts to bridge the gap between the current regime of ISP exemption from access
charges and appropriate pricing for the future. We examine the effects of the exemption,

* Many software programs allow the user to instruct the computer to continue to dial until it successfully connects with
the other computer. In the worst cases, repeated dialing may last an hour or more when the ISP has insufficient capacity
for its customers. If many callers are engaged in repeated redialing, their combined calls could make a large
contribution to busying out a swiich
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exploring the positive and negative results of the exemption up to now and into the future for
Internet use and the PSN. We discuss pricing options that may be suitable for high bandwidth
data users as the PSN migrates toward a data environment.

Section IV is a discussion of some universal service issues raised by deployment of Internet
services. The burden may fall on states to fund any early diffusion of advanced
telecommunications services to high-cost and low-income areas., We examine possible state and
federal policies for making Internet service available and affordable throughout the United

States.

Having explored all of the issues and provided an analysis of the various dynamics and
viewpoints we summarize the Working Group’s conclusions and recommendations in Section V.

II. Technical Sources and Engineering
Solutions to Possible Internet Congestion

The Internet is a packet-switched backbone network designed for data transfer, delivery, and
retieval. An important difference between packet-based and circuit-based networks (that is, the
traditional. analog, circuit, local portion of the telephone network or PSN) is that the public
switched circuit network relies on a continuous connection through the switching and transport
networks to transfer voice or data, while the packet network is active only when delivering
packets. In a circuit network, a channel is established for communications between the end
users. and that channel is maintained until the connection is terminated. In addition, packets can
be stored off-network for later access, delivery, or retrieval by an individual or group of users
and need not be transported in sequence or over the same pathway. Thus a continuous packet
connection to the Internet does not tie up the Internet work as an analog circuit connection
would.

Because a continuous connection is maintained, using the analog voice network for data
communications over the Internet is much less efficient than using a packet-switched network.

In an Intemet call, the Internet Service Provider (ISP) as well as the ISP"s customer may be
considered end users. ISPs are often connected both to a packet network over high speed
dedicated facilities on one side for communication with the Internet and to the PSN through local
business lines on the other side to provide access for end user customers. When an ISP bridges
the circuit-switched PSN and its packet-switched network, the mismatch of technology is only
partially mitigated by modems. Modems (modulator/demodulators) convert digital data for
transmission over the local (or toll) analog network to the interconnection point of an ISP where
it is packeted for delivery over the Internet network.

There is little doubt that the Internet has caused changes in the capacity used for some PSN calls
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and in the average duration and number of calls. The Intemet has also affected the patterns of
local use among and within LECs. LEC data show that the average duration of Intemet calls Is
considerably longer than that of local voice calls. The LECs claim that the growth in number and
duration of Internet calls has caused facility congestion problems in interoffice trunking common
in multi-office exchanges and extended area service (EAS) arrangements. ISPs, on the other
hand, allege that empirical data do not prove the existence of congestion on the Internet. They
and other observers believe the PSN, if properly managed, will be able to accommodate the
growth with little problem. While many organizations debate the locus, frequency, and severity
of Internet access congestion using the PSN, the technical community is preparing short-,
medium- and long-term solutions. This section examines some possible directions that PSN
access to the Internet network may take.

The long-term scenario foreseen by all respondents to the Working Group survey is the
relocation of interoffice data services from the PSN to a digital packet network. Access to the
packet *cloud” could be achieved through many means, including improved resource
management, residential Integrated Services Digital Networks (ISDNs), digital subscriber loops
(DSLs), or displacement of dial-up over analog modems with cable modems or wireless.

Respondents to the NARUC survey and to the FCC's NOI regarding Usage of the Public
Switched Network by Information Service and Internet Access Providers (Docket 96-263)
provided valuable insight into specific mechanisms of the congestion problem but not its scope.
The primary problem is excessive blocking of calls at originating end offices due to resources in
use by calls to Internet service providers (ISPs). Sub-problems include:

1. Quantitics and configuration of (inbound) line control modules (LCMs)
2 Insufficient interoffice trunking

3. - Lack of sufficient terminating CPE (for example, ISP modems) as blocked users
persistently re-dial

ISPs must work to avoid the third type of problem above, where their modem banks are
oversubscribed and caller retries “busy out” the switch. The same *first order” statistics
developed by telcos can assist ISPs in designing the capacity of their trunks and modem banks.

Two fundamental premises must be presented as background. The first is that all
communications networks are designed to meet probabilistic demand calculated at the busiest
hour of the day, week, month, and year — and are not designed to provide service to all
customers simultancously. The second is that this busy hour exists during the work day and
consists mostly of voice calls. While it is true that, on average, call durations (*holding times")
by modem to ISPs are longer than voice calls (Bellcore: 20 minutes compared to three minutes,
respectively), it is the total traffic offered in centum-call-seconds (CCS) that is the center of the
congestion problem. While many respondents could identify PSN usage attributable to Internet
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calls, no telephone company contended that the Internet has in general caused shifts in the busy
hours. At face value, this would indicate (falsely) that the existing voice network js sufficient for
Internet callers and that no additional capital equipment is required. Rather, situations arise
where additional equipment has been required to maintain quality of service. In their survey
responses, PacBell and Bell Atlantic cited examples of congestion in their Santa Clara and
Hemndon end offices, respectively.

Short Term: Improved Resource Management

The primary reaction to congestion on the access side of the switch is to reconfigure line units.
Bellcore viewed the problem of congestion as separate issues of trunking and access and
provided different solutions for each.’ In the short term, Bellcore noted that the present mode of
operations can be managed better, reducing switch stress by de-loading switches and routing
Intemet calls more intelligently.

A moderately complex task is to rebalance subscribers across existing line concentrators (there is
a range of lines which can share a single line unit based on the number of minutes at any given
time the lines are experiencing). A more interventionist (and costly) step, if rebalancing is
unsuccessful, is to regroom the switch by adding line units and reassigning customers.

Interoffice trunking congestion may still occur even in the absence of access line overload. One
telco that has extensive [SP subscribership on primary rate interface (PRI) digital trunks has stil]
had 1o utilize foreign exchange (FX) trunking to process these calls over the interoffice network.
While FX-type trunking can be used to alleviate congestion on the voice trunk groups, it can still
result in a less efficient use of the trunks themselves.

One solution recommended by Bellcore is the installation of equipment "upstream" of the switch
that would divert, based on dial number, ISP calls from switch line concentrators used by voice
customers. This pre-switch adjunct® equipment is already being sold by Lucent and Nortel,
manufacturers of the dominant Class 5 switch models. Each of these product solutions has
characteristics or limitations that make them less than attractive in all situations.

The Internet Access Coalition, which contends that the Internet access congestion issues arise
from poor resource management within switches, notes that digital trunking by ISPs is
technically feasible but is not economical. Dial-up calls to ISPs that have T-1 or Primary Rate
ISDN would bypass the switch components that are subject to access congestion. Their analysis,
however, showed that, in many regions, an ISP would find it cheaper to operate analog lines
(prone to congestion) than equivalent ISDN-PRI or T-1 service that is non-blocking.

* Amir Atari and James Gordon, Impoct of lnternet Traffic on LEC Networks and Switching Systems (Red Bank, NJ:
Bellcore), 1996.
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Medium Term: Technological Solutions

Some emerging products and services have the potential to operate without congestion to the
PSN. We will briefly introduce options for digital subscriber loops (DSLs), ISDN, and Internet
routers. While each of these is technically attractive, each also has economic or locational
impediments to deployment.

1. Digital Subscriber Loop

Digital Subscriber Loop (xDSL) technology is a potential long-term access technology that
would use existing copper pairs to connect customers directly to the packet “cloud.” The
particular variant of xDSL to consider, according to vendor ADC, is based on speed, operating
distance, upstream and downstream speed differential, and suitable applications. xDSL will
someday be a high-performance (T-1 or higher) access solution for the 80 percent of customers
within 18,000 feet of an end office, but currently it is not generally available. Similarly, cable
modems offer local area network (LAN) style Internet connections to customers, but existing
cable infrastructure is suitable only for 15 percent to 20 percent of potential users. Other
potential Internet access media include powerline carrier (Norweb) and satellite downlink.

2 ISDN

Both Primary Rate and Basic Rate ISDN (PRI and BRI) are viable technical solutions for
alleviating access congestion. ISDN pricing, however, has been inconsistent, and some
respondents. including AT&T, believe that the associated network and customer premises costs
and technical limitations mean that widespread deployment is years away, while others, such as
Bell Atlantic and U S West) noted that ISDN is an affordable option that will meet the needs of
the market lor vears to come.

. Digital trunks such as Primary Rate ISDN and T-1 can link ISP points of presence (POPs) with
ISP modems and alleviate load on switches, but current tariffs are higher than for equivalent
POTS lines. Bellcore notes that the packet (*D®) channel of Basic Rate or Residential ISDN
could be used by customers to connect to existing telco packet networks. Residential ISDN
connections bypass switch components prone to congestion.

3. Router Development

Internet routers could potentially be the bridge between the current voice telephony and the data
network of tomorrow. In the short run, traffic could be routed over a dual network. There is
cven debate that the dual network may continue in the long run due to the sheer expense of
converting the PSN to a data friendly network. Under the dual network concept, voice would be
processed according to one set of parameters and traffic destined for an ISP could be routed onto
data facilitics. In the long run, the Working Group envisions that all data (including voice) could
be processed in a uniform manner. Right now, it appears that packets may be the most likely

6
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method for backbone networks, with a variety of digital solutions for local access. Some parties
advocate that a more efficient configuration would be for routers to be placed at al] switches,
therefore, the originating switch could determine if a call is addressed to or from an ISP and thus

route its traffic onto a data network.

The location of routers is a function of cost. The basic assumption with using a router system is
that there would be new costs associated with processing traffic over these facilities. If transport
i1s charged for traffic from the router, then ISPs have 2 much greater incentive to build their own
facilities to the office with a router than to pay the ILEC to transport the traffic. Of course, the
placement of its own facilities to a router would require a higher profit threshold for the ISP, so
whether it would go into a rural area using its own facilities is unknown. In other words, rural
areas may still have difficulty obtaining Internet service either due to having to make a toll call
(or pay a higher transport cost) because the ISP server is in a distant area or because providing
transport to a closer office with a router involves more facilities placement cost on the part of the
ISP. Requiring ILECs to provide the transport from the routers to the ISP does not solve the
bandwidth problem unless hi-cap facilities are placed and then priced close to cost. Then the

matter simply becomes one for the ISP of revenues versus cost.

Routers could be placed in tandem, however, this does not stop Intemet traffic from entering the
PSN. Tandem router placement may be an acceptable solution but once bandwidth requirements
increase, congestion could become a problem for both the ILEC and the end users’ requirements.
Tandem placement of a router could be very useful if there is terminating end office switch
congestion. Tandems are typically designed to carry significant traffic flows. However, there
has been no contradictory evidence to the ISP contention that the switch congestion problem
most often spoken of is with the terminating switch. It is before this switch that traffic must be
diveried. Therefore, locating the router at the tandem and then providing hi-cap transport
between the router and the ISP server could solve many problems for the terminating switch.

Long Term: Network Evolution of the In:zrnet and Internet Access

The Internet, beginning at backbone level, has begun the transition to packet technology. The
backbone technology chosen by MCI, UUNET, and others is Asynchronous Transfer Mode
(ATM). ATM is similar to frame relay (FR) and X.25 networks in that it is a shared resource,

gaining efficiency by multiplexing many streams together to provide virtual private services.

Bell Atlantic and U S West, in their survey responses, anticipated the full spectrum of ATM and
frame relay networks, using xDSL and cable modems as well as improved analog dial for access.

BeliSouth. in comments in CC Docket No. 96-263, outlined a proposed network which the
company said would be suitable in the long term. BellSouth stated that the Commission's current
rules regarding protocol conversion would make it impossible for it to implement such a
network, however. Dial-up connections would be routed to the network access server that would,
in turn, be connected to a *radius” or routing server. In other words, based on the number dialed

7
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by the Intemet subscriber, the radius server would identify the Internet provider to which the
network access server should establish a data connection. The network access server would then
make the connection to the underlying ATM/Frame Relay network to which the Internet provider

would also be connected. :

The possible paths discussed here for long-term Internet evolution are based upon developing
technology and media. Given the rapid progress in the fields of communications and electronics,
in just a few years the Internet may well use as yet unheard-of technology to speed the transport
of data to and from the end user. The trend seems clear: as we move ahead in time, the capability
of higher speeds of data transport will move closer and closer to the end user.

Costs of Reducing Congestion

Many levels of solutions can be applied to the general problem of PSN congestion, the ultimate
being relocation of data services to broadband packet networks. While the costs of this solution
have not been estimated, the costs of some solutions are more casily calculated. We have figures
for the cost of labor to reconfigure switches but lack cost data on line cards themselves and the
new category of pre-switch adjuncts, as deployed. Cost data are available for some ways for
ISPs to mitigate congestion, including digital T-1 or ISDN PRI. Regulators must use the
information they have and obtain the further information they need to develop pricing strategies
10 encourage the use of data-friendly infrastructure. Because competition is in a nascent stage
and the Intemet is growing so rapidly, it may not be sufficient 1o wait for new providers to place

their facilitics.

I1l. Appropriate Structure and Charges for Local Network Access

Access Charges

Although several avenues are open for evolution to networks that support data better than the
existing PSN, the current exemption of ISPs from access charges inhibits that transition. The
number of people subscribing to the Internet keeps growing. but unless the Intemnet acquires
more bandwidth it may encounter an application constraint both on its own backbone and on the
PSN. The comparative price of compatible CPE and local lines with packet switching capability
versus current analog modems and circuit switching is a disincentive for Internet users to migrate
to "data-friendly" technology. The exemption of ISPs from access charges distorts prices and
sends incorrect economic signals to end users and Internet service providers. Until end user
demands for bandwidth force ISPs to use what are probably more expensive data networks, ISPs
will continue to purchase analog lines and use modems to change digital messages to analog and
back to digital packets for delivery over the packet network. So, to some unknown extent, the
exemption is helping to keep the Internet from growing into a mature multimedia network.

The ISP exemption grew out of the FCC's Computer Il proceedings in the 19705, in which the
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Commission introduced a distinction between basic and enhanced communication services.
Enhanced services include access to the Internet and other interactive computer networks. Ina
1983 access charge order the FCC decided that even though enhanced service providers (ESPs)
may use the facilities of local exchange carriers to originate and terminate interstate calls, they
should not be required to pay interstate access charges.® Inits 1997 access charge decision, the
FCC decided to maintain the exemption. The Commission noted that the term "information
services" in the 1996 Telecommunications Act appears to be similar in meaning to "enhanced
services."” The Act establishes a policy "to preserve the vibrant and competitive free market that
presently exists for the Internet and other interactive computer services, unfettered by federal or
state regulation."?

The FCC decision means ESPs (including ISPs) may purchase services from incumbent local
exchange carriers under the same intrastate tariffs available to end users. They pay business line
rates and the appropriate subscriber line charge rather than interstate access rates. Business line
rates are significantly lower than equivalent interstate access charges because of separations
allocations, pervasive flat and message rates for local business service, and the per-minute rate
structure of access charges.” On the other hand, interexchange carriers (IXCs) at least for now
must pay access charges for similar connections to the PSN. :

Most ISPs purchase analog business lines from the LEC at a fixed cost per month. Most
households and businesses can purchase access to the Intemnet through a flat monthly charge
from an ISP. The local usage on the lines over which they place calls to access the Internet is
generally priced on a flat monthly or message (per-call) basis. These rates are based on local
usage rates. The lack of true time-related charges on either end of these calls encourages long
call durations. The ILECs claim that the long holding times associated with Internet calls burden
the PSN and have caused. and may continue to cause, network congestion and blocked calls. If
the ESP exemption were discontinued, the LECs argue, a more accurate pricing signal would be
sent which would encourage ISPs 0 seek more efficient methods of serving their end users.

The access charge exemption is a preference for a certain class of users of the public switched
nctwork. just like the home mortgage payment exemption is a tax preference in the federal
income tax system. A preference acts like a subsidy to a certain group or function, foregoing
funds that would otherwise go to common use. It is as an active policy preference that the
exemption has been supported — something that will encourage development of the Internet and
the many benefits we can see from having this new means of information exchange, plus

* FCC 1997 Access Charge NPRM. para. 284,

7 1bid.. para. 284.

' 47USC. panra. 230(bX2).

 FCC 1997 Access Charpe NPR M para. 285.
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innovations yet to come. There is a strong public interest argument for government promotion of
the Internet. The Internet User Coalition, for example, commented to the Working Group that
the Internet provides citizens a venue for political speech and access to information, lifelong

learning, communications and commerece.

ISPs argue that exemptions were justified in the first place and continue to be needed now to
support a nascent industry. Many commenters in FCC dockets and the Working Group's survey
argued that applying any extra charges to the ISPs would stymie the Intemet’s growth. ISPs
argue that the access charge exemption is an incentive for investment and innovation in
information services and thus serves U.S. industrial policy. The ISPs and their supporters say
that even though the Internet business has grown, it is still volatile and prospects for success are
uncertain, .

Another argument for keeping the exemption is that the existing access charge system is
inappropriate. BellSouth maintains that it is better to keep the current access charge exemption
than to apply an access charge regime that was designed for circuit-switched voice telephony.
Most telecommunications industry analysts agree that access charges are too high. The FCC said
it saw no reason to extend the existing imperfect access charge regime to an additional class of
users, when it could have detrimental effects on the growth of the information service industry

and the existing structure. '

Those who continue to be opposed to the access charge exemption for ISPs now and in the
immediate future claim that Internet use is already causing congestion, particularly in the switch
from which the ISP is served. The Alliance for Public Technology, in comments on the FCC
access charge NPRM, said ISPs are thus paying less for using the local network than other
businesses. even though some claim they impose greater demand for ports, switches, lines and
other network clements. Bell Atlantic suggested the exemption creates a financial disincentive to
switch to data networks where they are available, encouraging ISPs to purchase circuit-switched
services instead of packet-based. The general exemption of ISPs may also ignore differences in
traffic patterns among ESPs and even in Internet uses, another commenter suggested. Some of
these providers may pose a larger immediate burden on the network than others.

Rural Utilities Services (RUS) told the NARUC Internet Working Group that the ISP exemption
means rural iclephone companies are losing toll support they would otherwise receive because
many calls made to access the Intemnet are toll calls. Because the rural carriers do not have
access 1o the toll revenues by virtue of the exemption, local rates are forced up as plant must be
put into place 10 handle the increased *local® traffic, and revenues must be generated to recover
the cost of this plant. (This issue is discussed further below, in section IV. on universal service.)

Whether or not ISPs are causing congestion now on the public switched network, the access

'® FCC 96-488. para 283
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service offerings that have to compete with below-cost access services used by ISPs. The
company said neither CLECs nor ILECs are receiving accurate economic signals that would
encourage them to upgrade networks or engineer existing ones more efficiently because they are
being denied the revenue streams to pay for the upgrades or transition activities. BellSouth and
U S West made similar arguments.

The access charge exemption has an influence on who will win and who will lose in the
marketplace for telecommunications services. Interestingly, many ISPs no longer argue for the
exemption on nascent industry grounds, but on competitive grounds. They suggest that

0 ISPs. AT&T commented that the IXCs are paying “artificially high non-economic subsidy
laden charges” and ISPs are paying below costs. AT&T maintained that IXCs arc ata
competitive disadvantage since JSP services (voice over net, faxes) are cross elastic. BF”
Atlantic and U S West advanced similar arguments from the perspective of the ILECs. ‘Bell

"unwarmanted competitive advantage.” The Telecommunications Rescellers Association said ISPs
should be brought under the access charge regime.

Jurisdictionat Issues

Any discussion of the appropriate pricing for network access to the Internet must inclus:[c
Jurisdiction. While it is the Internet Working Group's strong hope that any pricing options
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The FCC's finding that ISP traffic is exempt from interstate access charges is not readily
interpreted as a decision regarding the jurisdictional nature of the traffic. It does not make it any
less an interexchange, and ultimately an interstate and international, connection. BellSouth
commented that the exemption should not and does not change the underlying jurisdiction of the
traffic. The FCC decision leaves state regulators with jurisdiction for local rate and policy
applications. It is reasonable for them to interpret this traffic as local by default. Yet the reason
the FCC can apply its exemption to interstate access in the first place is that at least some of the
traffic traverses state and national boundaries. In general, only the local phone dial-up number
makes it appear local. This was true with call traffic into many early toll resale enterprises. If the
incoming ISP traffic is on a toll call or 800 number, intra- or interstate access charges are being
applied today.

If ISP traffic is interstate, as the FCC’s assertion of jurisdiction to apply the ESP exemption
indicates, then this issue is ripe for reevaluation under jurisdictional separations. Comprehensive
jurisdictional separations reform is currently under investigation and assigned for resolution to
the Federal-State Joint Board on Separations.” The NPRM does not refer specifically to ISP
traffic, but to data traffic generically, in its request for comments on these issues.

If the traffic is interstate, 2 workable solution was suggested by several parties to apply to ISP
traffic only the traffic-sensitive portion of access charges without any common line component.
This is the intended ultimate goal of the access reform ordered by the FCC for Tier A LECs’
interstate access charges™, and a solution recommended by several parties in the FCC’s NOI on

the Intemnet.V?

If ISP traffic can. due 1o the cxemption, be interpreted as jurisdictionally local, states do have
options for solving the problems associated with this rapidly growing segment of local traffic.
The solutions then would have to be with regard to local service pricing. If the jurisdiction of the
uraflic is splu. identification of the {ocal trafTic that is Intemet directed would be necessary. This
could necessitate the imposition of considerable registration and reporting requirements.

Changes in pattern of use, call duration and number of calls may make the existing separations
(Part 36 methodologies) process inappropriate due to resulting large separations shifts for some
companies. Under Part 36 many portions of the network are allocated based on Jjurisdictional
minutes-of-use (MOUs) or weighted jurisdictional MOUs. An increase in usage caused by the
Internet calls could vastly increase the allocation of cost to the intrastate jurisdiction due to the
ESP exemption. This is because the exemption causes LEC:s to treat the costs of serving ESPs

"' CC Dochet No. 86-280,
October 7. 1997,

" Access Charge Reform. First Report and Order. FCC 97-158.

9 Usage of the Public Switched Network by Information Providers, FCC 96488,
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(which include ISPs) as a cost of serving local end users.

In general, LECs claim the Internet causes their revenue requirement to increase because they
may need to install more inter-office and switching facilities to handle the vast increase in traffic
caused by the Internet, while a Jower percentage of the total cost is allocated to the interstate
Jurisdiction due to the ESP exemption. Compounding this problem is that the Internet may cause

-

the need for network upgrades all the way to the end users as essential service requirements

At this time the Working Group agrees that Internet traffic is indiscernible. However, the
Working Group believes that this 1s because no one is attempting to record the traffic. Much as
800 traffic was originally viewed as indiscernible and later able to be tracked, so too could be the
case with Internet traffic,

Options for Pricing Internet Access

Most interested parties agree that government should not establish a social goal with respect to
which technology or network is used to deliver Internet services. However, many parties fail to

Keep sight of the ovcrall'ﬁmdamcntal network change — whether the result is a data-frichdly PSN
or a dual PSN composed of one network (route) for voice and one for data,

In regard to the standard argument of whether ISPs should pay traditional access charges, some

13
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fundamental change the network will undergo. Most commenters did not offer any pricing
options for Internet usage. Basically there were two viewpoints: continuation of the [SP
exemption and an access rate that is lower than current access rates.

All the commenters to the working group survey agreed that end users should not be required to

- pay for the ISPs’ use of the PSN. If any increased charges are to be paid, the commenters
suggested, they should be paid by the ISP directly. However, all parties also recognized that any
increased costs to the ISPs will be passed along to end users. '

Alternatives to a voice-based pricing scheme were not advanced, although several ISP
commenters expressed concern about usage-sensitive pricing. Some sort of flat rate, cost based,
block rate pricing might alleviate some ISPs’ concerns over their cost volatility. Moreover,
many ISPs want the ability to purchase UNEs, without being designated a carrier.

One suggestion offered by the Working Group was that wireless interconnection rates be used as
a surrogate for ISPs” access to the PSN. Only one party commented on this suggestion. It
argued that wireless interconnection rates should not be assessed on ISP providers because while
an Intemet call is roughly 20 minutes in duration, a wireless call is 2 % minutes for cellular and §
seconds for paging. Therefore, wireless service is not analogous to Internet service and the rate
should not be transferred. In short, whereas a wireless customer may view a $0.20 call to be
affordable (bascd on a rate of $0.08 a minute for a 2.5-minute call) an ISP user would not view a
$1.60 call 1o be reasonable (based on $0.08 a minute for 20 minutes).

The Working Group also explored the possible development of a special category of end user Gf
the exemption continues) whereby outgoing call volumes above a certain level would require the
end user to be migrated onto a service which is priced and engineered to recover and account for
the high call volume. However. the Working Group is mindful that the application of some sort
of per minute local measured service (LMS), in many states and localities, is either statutorily
forbidden or politically obstructed. Also, if a pricing scheme were applied to Internet traffic
only. it could be challenged as discriminatory and subject to litigation. Another solution could
be to charge all customers in markets without LMS for all incoming local calls above a certain
level. This could eliminate the need to separately identify the traffic as Internet directed. Ifa
high enough set amount of incoming traffic were free each month, 1SPs would likely be the
primary recipients of this charge.

Another idea put forth by the Working Group was the use of the Signaling System 7 (SS7)
network and rates to process Intemet calls. All carrier commenters rejected the idea of using the
SS7 network. They argue that the SS7 network is designed and maintained as a signaling
network and could not handle Internet traffic, even though it is similar to packet technology.
Also, many commenters are concerned that the implementation of local number portability
(LNP) will consume the spare capacity of the SS7 network. Consequently, there is little spare
bandwidth on the SS7 network for other traffic. No commenter addressed the question of

14



Late Filed Hearing Exhibit Ay V4
November 19, 1999

Item No. 4

Page 17 of 58

whether the SS7 network could be expanded to fulfill this function.™

government feels the need to keep the cost of access to the Internet low, care should be taken to
at least price the services and/or facilities close to cost. This pricing policy would have the effect
of incenting the providers of the PSN to deploy a more data-friendly network and of encouraging
the use of more data-friendly facilities on the part of end users and ISPs.

Reciprocal Compensation

have.

The first avenue would be 1o agree with the carriers who assert that some or al calls to the ISPs

" Bellcore did advance this viewpoint in jrs Paper, *Architectural Solutions to Internet Congestion Based on SS7 and
Intelligent Network Capabilities,” Atari and Gordoa: Belicore, 1997.

" SeeUSwest 7.
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are long distance calls. By reaching this conclusion the commission could simply acknowledge
that there is a massive amount of traffic which does not originate and terminate within an ILEC's
local calling area. Given that neither the Telecommunications Act nor the FCC has eliminated
the distinction between local and non-local, this could be a solution. However, one would first
need to examine whether all of the calls, or at least a majority of them, can be traced to their
termination points. After this measurement is done, one could employ the use of PIUs
(percentage of interexchange use) to assess charges. The difficulty associated with this solution
is that regulators would have to undertake a task that they have not typically done. They would
have to look behind an end user’s private network to determine where traffic is ultimately
terminating. Furthermore, regulators may find that such a determination is used to support an
ILEC's claim that all end users should be paying access charges since the existence of the
intermediate carrier does not change the nature of the end user’s call to the ISP. Ifa state
believes that the service provided by ISPs is a carrier-type (and non-local) service, and the FCC
agrees, then a state commission may find this solution a desirable means to correct a perceived
incongruity in the treatment of ISPs vis-a-vis IXCs. )

Another option is noét to look behind an end user’s private network, regardless of whether it is
open or closed to the general public, and continue to treat such traffic as local, including the non-
application of access charges. While the Telecommunications Act did continue the distinction
between local and non-local service, one can assert that this distinction lies primarily in the

nature of traffic which camers are processing. Therefore, if traffic processed within only one
network would be considered local, then the same traffic processed within two networks
covering the same local calling area should still be considered local. F urthermore, if a state
determines that the flat rate usage packages which are currently being subscribed to by its end
users are cost compensatory of all the minutes the end users are generating, this option is further
supported. [t may be inappropriate from a public interest viewpoint 1o assess access charges to a
private network for traffic which terminates to it, especially when it has been determinéd that end
uscrs are fully compensating the LEC for traffic which they are generating. If a state were to
allow access charges to be assessed in this situation, it may wish to develop an understanding

and further steps which may need to be taken to develop that network. Lastly, this option would
wmﬁmmmﬂw@wn@%

with the ILEC concerning the adequacy of the ILEC's network in processing data transmissions > P;f‘v.’n /
”~

A third avenue to resolve this dispute is that there be no compensation exchanged between
carriers for traffic to an ISP. The argument for this option is that so long as no carrier is
receiving compensation for calls to ISPs, each will have the same perspective on ISPs. For
example. right now many ILECs have a very large majority of their residential customers
subscribed to low flat rate usage service. As such, it is very difficult to obtain additional
revenues from their customers for the large amounts of traffic they generate once they start
subscribing to the Internet. So, as alluded to earlier in this paper, the ILECs arguably are not
being compensated for the usage of their networks. With the existence of an intermediate carrier,
not only are the ILECs perhaps not compensated, but they must pay carriers for termination on
the other cammiers’ networks. By not allowing compensation to flow between the carriers, neither
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imbalances become so great that they are unable to sustain themselves financial] . This dynamic
would be very difficult to assess currently because i a Is marketing mostly to ISPs, they
will intentionally have few other customers. Therefore, assessing whether they can be financially

sustainable in the long run may not be readily achievable today.,

carrier’s network different from the carrier network on which the ISP is located. This is because,
technically speaking, the carrier which is owed money from the ISP js the end user’s carrier. In

what type of rates to charge for potentially bursty and voluminous ransmissions, particularly in
relation to the pricing of voice traffic. Currently, because one can obtain bandwidth at a flat rate
and because video-dedicated channels appear more religble, they are more attractive than typical
switched or derived video channels on the PSN. Asa result carriers have an incentive to invest
in adjunct networks that carry high speed, high volume data and video transmissions but do not



BeliSouth Telecommunications, Inc.
Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-4
November 19, 1999

Item No. 4

Page 20 of 58

have the incentive to invest in advanced infrastructure placed in the PSN itself. This has the
undesirable effect of denying or delaying the general offering on the PSN, to residential and
small business customers, of a reasonably priced high speed form of access to the Internet.

Universal service planning should address the means to support the concomitantly necessary
investments for designated advanced telecommunications services for which customer demand
will not garner sufficient revenue to support facility placement. Such concerns would encompass
the need to subsidize, in some areas, infrastructure necessary to provide advanced services or to
facilitate Internet access. Even the current USF rules may inadvertently be slowing the roll out
of advanced telecommunications to the general public. This is because, in some cases, the
diversion of educational, health care and library institutions’ usage, and attendant revenues, from
the PSN to priate two-way video and data networks has and will continue to exacerbate the need
for support funding to keep the rates for advanced telecommunications services low enough to be
considered affordable. This problem is particularly acute in rural and low income areas.

In addition, there arc overlapping and conflicting aspects to the drive for a ubiquitous national
roll out of advanced telecommunications services and the need to define, and maintain at
affordable rates, “basic” or *essential® telecommunications services. In this debate, regulators
must be careful not to over-plan the deployment of advanced services. Where regulators believe
companies are making significant infrastructure inroads, or are trending to this, caution should be
employed so that one does not fund infrastructure investments that would have occurred anyway.
Many rural and low-income markets often experience a lag in such investment. The question
becomes, *\When is such a lag intolerably long?"

Of course universal service is only one of many public policy goals for telecommunications
industrics. some of which conflict in real world applications. Additional goals include: (1)
development of competitive markets, (2) placement of telecommunications infrastructire in all
markets, (3) encouragement of technological innovation, (4) use of deregulation, lesser
regulation and/or non-regulation, and (5) affordable access for essential public institutions.

Many of these often conflicting goals are directly incorporated into Section 706 of the
Telecommunications Act, *Advanced Telecommunications Incentives." Congress allowed a
period of time to sce whether or not the competitive market can provide the needed facilities to
all Americans in a timely and reasonable fashion. If after three years under the Act the FCC
finds that the market mechanisms have failed, it is authorized to remove barriers to investment
and promote competition." No funding remedies are authorized in this section.

-

'* On January 26, 1998, Bell Atlantic filed a petition with the FCC requesting that the deregulatory steps authorized
under Section 706 of the Act be taken at this time due 10 the slow deployment of the advanced network features like
high-speed broadband capacity over packet switched networks. This petition attemplts to sidestep the review procedure
contemplated in the 1aw and foreshortens the period envisioned by Congress for the provisions that foster local
competition to take effect. Many RBOCs seem 1o be looking for novel routes through which to provide in-region
services before they receive FCC approvals under Section 271 of the 1996 Act.
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In Section 254(h), on the other hand, the provision of advanced telecommunications services is
allowed to be subsidized, and that subsidy is limited to specified schools, libraries and heals;
care nstitutions. Other ratepayers may not directly benefit in their homes and businesses from

modem connections. While this higher subscriber line charge is based on cost and is a means to
limit the size of the support funding for basic lines, it is nonetheless an example of how the
Universal service goals for basic and advanced services can operate in conflict.

Network traffic directed to use [SP services is currently exempt from application of interstate
access charges regardless of jts Jurisdictional pattern. Practically, this policy results in the
assignment of most ISP traffic to local usage, thereby shifting the relative usage and
jurisdictional costs of this traffic to the states. A more meaningful jurisdictional assignment of
Internet traffic should reflect the realities of the shared network facility. Lacking that, there
appears to be an implicit subsidy from intrastate service for some ISP traffic when one compares
it to treatment of similar [XC traffic. If the FCC continues to exempt ISP traffic from explicit
interstate access charges, it must develop an explicit interstate subsidy mechanism, as required
under the 1996 Act, to replace the current implicit subsidy based on a jurisdictional shift of the

traffic to local.

Consideration of universal service objectives and access charge reform objectives must go hand-
in-hand if regulators are 1o prevent the opportunity for arbitrage inherent in the current melange
of historical pricing policy and forward-looking market objectives. What we find today in the
Internet and its access providers is a hybrid of services and technologies that frustrate application
of traditional regulatory paradigms. The Internet and its interplay with local telecommunications
networks displays carrier, enhanced service provider, and broadcast media attributes. Therefore,
the categorization of ISPs as a distinct class of customers from traditional IXCs may be a
necessary interim step to achieving a compensation model that is acceptable today for application
to Intemnet access over the PSN — and possibly, soon thereafter, to all interconnects with the
local network for origination and termination of telecommunications transmissions.
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advanced telecommunications services is diverted away from the PSN by private connections,
the inclusion of advanced services in the definition of universal service will be delayed. In some
rural and low-income or high cost areas this may delay the delivery of access to information
technologies and services.

Lastly, states are authorized under Section 254(f) to develop additional definitions and standards
to advance universal service within a state as long as they are funded so as not to rely on the
federal USF mechanisms. Advancement of Internet accessibility through higher speed
connections to homes would require greater bandwidth than is supported under current FCC USF
rules. This appears to leave states to fund any general advancement in data speed connectivity on
the PSN from in-state sources. This burden is exacerbated because states have to bear the cost of
infrastructure necessary to process Internet traffic which in turn has been encouraged by the

implicit subsidy inherent in the ISP exemption.
Should ISPs Contribute to the Universal Service Fund?

There is a continuing controversy over using universal service funding to make advanced
services for' Internet access and information services ubiquitously available at affordable prices.
That controversy also spills over into the issue of whether ISPs can and should contribute as
“telecommunications carriers® to federal universal service programs. USF funding therefore ties
back to the ongoing policy debate regarding the intent of the Act and the effect of the FCC's
exemption of the ISPs from access charges, effectively declaring them end users rather than
telecommunications carriers. Definitions are evolving regarding what is an end user, a service, a
facility, and a carrier. Regardless. ISPs benefit from the subsidies for advanced services to the
institutions designated in the Act when those subsidies make it possible for those institutions to
use their services. In addition there is a blurring of the definitions of data, voice, and video when
it comes 1o telecommunications applications. The Intemet is capable of carrying voice
transmissions and entreprencurs are attempting to fully tap that capability and that market. As
beneficiaries of subsidies to institutions accessing the Internet, and due to their public offering
characteristiecs. it can be argued that ISPs should share in the cost of subsidizing services that .
are deployed 10 access the ISPs’ services.

The Telecommunications Act States in Section 254(d) that every interstate telecommunications
carrier shall contribute to the fund with equity and nondiscrimination. The FCC’s previous
exemplion of Intemet service providers from the “telecommunications carrier” designation for
public policy reasons made sense at that time, but may prove inconsistent with the application of
the Act’s principles of explicit rather than implicit subsidization for universal service.
Redefinition of ISPs as a distinct class of carriers and application of some form of economically
based access charges and assessment for USF purposes could end this historical subsidy to ISPs
and make them contributors 1o the explicit subsidies that promote use of their services. If the
legal distinction between carriers cannot be made for purposes of applying access charges,
another alternative may be to go ahead and assess ISPs and provide universal service funds
directly to the ISPs 10 offset the charges.
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Y. Conclusions

market, including regulators, have a clear understanding of how the PSN interrelates to the data
network and how voice and data telephony are converging.

changes to achieve this goal, we should also understand that all of the necessary changes do not
have 10 occur on what is typically termed "the PSN." For instance, data traffic could be diverted
Onto a separate, data-friendly network for delivery to the Internet backbone by adding switch
adjuncts into the network. Technology such as xDSL could also be employed in the loop to
provide the premises connections which would permit high transmission speeds, thus keeping the
last mile from being the choke point in data transmissjon. Many technologies could and wil] be
used to provide quality data transmission capabilities in the future.,

‘( PSN traffic and advanced telecommunications infrastructure are evolving symbiotically
> ‘f) In recognition of this, costs imposed on the PSN by those accessing the Internet should be
‘5):';»'4.‘# cquitably shared among the originators, conveyors and recipients of these communications in a
: manner that promotes technological innovation, network reliability and service quality,
p Tf infrastructure investment, competitive markets, and ultimately, universal service. Numerous
' controversies have arisen regarding jurisdictional cost allocations, application of access charges

ons, payment of reciprocal compensation, and receipt of and
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Abstract: The past year has seen explosive growih in inter-
net traffic. Currently, the most common way of accessing the
internet is via the switching systems and the interoffice trunk
Sacilities of the Public Switched Telephone Network (PSTN).
The PSTN was designed to carry voice calls that have an aver-
age call holding time of about 3 minutes. The nominal 3 minute
call assumption pervades all aspects of telco equipment design
such as switch engineering, line concentration ratios, and trunk
group sizes. However, internet calls violate this fundamenzal
assumption and have a mean holding time of the order of 20
minutes with some calls lasting for many hours.

This long holding time traffic severely taxes the PSTN. It
requires additional equipment to be provisioned, without com-
pensating revenues, and potentially affects service performance
Jor all users. Internet traffic, which is packet data in nature, can
. in principle be carried much more efficiently on data networks.

However, since the PSTN currently represents the only near-
universal access method, any long term solution necessarily
involves a staged migration from the present mode of operation
towards some packet network solution.

This paper reviews the impacts of internet traffic on the
PSTN. It summarizes the impact of internet traffic on transmis-
sion and switching equipment, the need for comprehensive revi-
sions 10 existing engineering and planning algorithms, and the
implications of these issues for operational practices and oper-
ations support systems. It also provides analysis of the cost of
supporting internet traffic on the PSTN. Finally, it describes a
number of possible solutions. In each case the current barriers
to implementing the solution are discussed.

L INTRODUCTION

The past year has seen explosive growth in internet related
telephone traffic — specifically, calls from residential and busi-
ness subscribers across the public switched telephone network
(PSTN) to internet service providers (ISPs).! Although there are
alternative methods of accessing the internet (to be discussed
later in this paper), the only near-universal access currently
available to the public is via modem calls across the PSTN,
After reaching an ISP, such calls are converted back into data
format so that they can be piped directly into a local internet
gateway, or transmitted across a packet network to a remote
gateway. This network architecture is illustrated in Figure 1.

L. For the purposes of this discussion internet traffic may be taken to
include internet, work at home (WAH), telecommuting and on-line
services calls, all of which appear to have similar characteristics.
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The rapid growth in internet traffic has been stimulated by a
number of developments, including: (i) the increased power and
availability of personal computers (PCs), (ii) the growth in com-
mercial uses of the internet, and (iii) the popularity and
increased ease of access to the world wide web (WWW) via web
browsers such as Netscape. In addition, the growth in corporate
telecommuting and work-at-home (WAH) employment has cre-
ated an environment in which users are more comfortable with
on-line services and are more likely to use PCs for work and lei-
sure.

ISP POP with
modem bank
[==)
— =
g — g
=]
= |
\ remote
switch
local
switch O\ /
/N
&7 & [
PC with tandem
mo:!?m switch

Figure 1: Internet Access via the PSTN

The rise in internet traffic provides an important indication
that the center of mass in telecommunications is shifting
towards data applications and services. Although the PSTN is
currently used to carry internet calls in circuit switched mode,
these calls are essentially data calls. They are generated in
packet data format by PCs, and can in principle be carried far
more efficiently and cost effectively over data networks. Suit-
able data networks exist today. However, due to cost and equip-
ment limitations, access to these networks is largely limited to
high volume business users. As access to data networks
becomes universally available, the volume of data traffic gener-
ated by applications such as point of sale transactions, electronic
commerce, video telephony, etc., will dwarf the traffic currently
carried by the PSTN.

The trend towards data will challenge telecommunications
network and service providers in a number of significant ways.
In general, it will be necessary to develop engineering, plan-
ning, operational and business procedures to cope with new net-
works and services. The first major challenge is being met by
local exchange carriers (LECs) in the form of internet traffic.
This traffic has significantly increased the load on LEC net-
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works, while providing very little compensating revenue. While
its volume poses an immediate threat to the capacity of the
PSTN, at a more fundamental level its qualitatively new char-
acteristics are challenging the engineering, forecasting, plan-
ning and operational procedures established by the Bell System
over the past 80 years.

At present, a number of LECs are analyzing the internet phe-
nomenon, and debating the best path forward. Since the PSTN
currently represents the only near-universal access method, any
long term solution necessarily involves a staged migration from
the present mode of operation towards some packet network
solution. The principal requirements of the migration strategy
are that it be cost effective (i.e., provide the desired capabilities
for reasonable investment), and that it be sufficiently flexible to
evolve towards future technologies (e.g., ATM). Confusing the
issue are a host of uncertainties associated with tariffing, time
to market of new technologies, demand forecasts, etc. Notwith-
standing the complexity of the problem, solutions need to be put
in place quickly in order to protect the integrity of the PSTN.

The object of this paper is to review in more detail the vari-
ous impacts of internet traffic on the PSTN, and provide a high
level summary of possible solutions. In particular, based on
analysis of traffic data, it summarizes the impact of internet traf-
fic on transmission and switching equipment, the need for com-
prehensive revisions to existing engineering algorithms, and the
implications of these issues for operational practices and oper-
ations support systems (OSSs). The paper also provides analy-
sis of the cost of supporting internet traffic on the PSTN.
Finally, it describes possible solutions, including more efficient
use of existing PSTN equipment, as well as solutions based on
packet networks (ISDN, Frame Relay, ATM). In each case the
current barriers to implementing the solution are summarized.

II. GROWTH IN INTERNET AND RELATED TRAFFIC

As noted above, growth in internet traffic is tied to a number
of factors including: PC penetration (percent of U.S. house-
holds with PCs), modem penetration (percent of PCs with
modems), growth in corporate telecommuting and WAH
employment (these users tend to be high volume users), and a
range of less easily quantifiable factors such as time to market
of new technologies (e.g., ADSL) and customers’ willingness to
pay for ‘hot’ new applications. Based on Bellcore’s market
analysis, Figure 2 shows conservative demand projections for
internet access out to the year 2001. The demand is broken
down into two categories: dialup access via the PSTN using
POTS and ISDN lines (lower part of Figure 2), and alternative
‘dedicated’ access methods such as ADSL, which effectively
bypass the PSTN (upper part of Figure 2). Note that the y-axis
in Figure 2 has no units. Figure 2 illustrates anticipated average
relative growth in U.S. internet traffic over the next S years.
More detailed assumptions and information are required in
order to be precise about growth in particular LEC markets.

2

The demand forecasts in Figure 2 are conservative, in the
sense that conservative assumptions were made regarding the
rollout of new technology. They suggest that by 2001, internet
traffic will approximately double relative to its present value. If
more aggressive assumptions are made, the demand could be
significantly higher — as much as 5 times its present value by
2001. In fact, these estimates may well be too low, since they
are based on analysis of numbers of houscholds. No accounting
is made for growth in per household internet traffic, which itself
could be quite significant. In brief, the figures indicate that
while new technologies such as ADSL and cable modems will
grab a segment of the internet access market, the PSTN will
support most internet access traffic for at least the next § years.

1983 1994 1985 1996 1997 1998 1989 2000 2001

Figure 2: Forecast Demand for Internet Access
III. CHARACTERISTICS OF INTERNET TRAFFIC

Today’s PSTN has evolved over the past 80 years to become
a very efficient carrier of voice telephony. This evolution has
occurred in a carefully planned fashion based on detailed under-
standing of the characteristics of voice traffic. The well estab-
lished engineering model for voice calls assumes that: (i) the
average call holding time is around 3 minutes, (ii) the statistical
call holding time distribution is well approximated by an expo-
nential distribution, and (iii) call arrivals are Poisson. These
mathematical assumptions have been validated via analysis of
measured data. In conjunction with appropriate demand fore-
casting models, they are used to engineer the PSTN. For exam-
ple, the operations support systems (OSSs) that monitor trunk
usage in the PSTN, utilize the above model to decide when and
where additional trunking capacity should be provided. The
large scale economics of the PSTN - e.g., its return on capital
investment - are largely determined by how efficiently it can
carry traffic across shared switching and transmission
resources. Appropriate traffic models quantify what efficiencies
can be achieved for a given grade of service (GOS).
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Traditional models of voice telephony are embodied in a
range of widely used standards, engineering procedures, OSSs,
and cost models [1]. They underlie the traffic, measurement and
engineering sections of Bellcore’s LATA Switching Systems
Generic Requirements (LSSGR) (2], that for many years have
provided a benchmark for the functionality and performance
expected of LEC switches in the U.S. They are likewise embed-
ded in Bell System OSSs such as TNDS and COER [1], as well
as in vendor supplied planning and engineering systems for spe-
cific switches. Finally, they are incorporated in tools used by
the RBOC:s for estimating the cost of the network switching and
transmission equipment required to meet projected growth,
based on detailed breakdowns of capital costs, etc.

Internet traffic is qualitatively different from traditional
voice traffic. Based on current data analysis, internet calls have
a mean holding time of the order of 20 minutes, and their distri-
bution is not exponential.! Instead, the holding times of internet
calls are statistically distributed according to a power law distri-
bution. This means that with non-negligible probability, one
can encounter calls with very long durations - e.g., 12 hours, 24
hours or longer. Traditional and internet call holding time dis-
tributions are illustrated in Figure 3. The plots in this figure give
the probability that a call holding time will be greater than the
time value on the x-axis. The ‘flatter’ shape of the internet dis-
tribution indicates that internet call durations vary widely from
a few seconds to many hours. In contrast, the probability that a
traditional voice call will last longer than a 10 minutes is very
low, and the probability that it will exceed one hour is virtually
zero. Traditional call holding times tend to be clustered far more
closely around the average value of 3 minutes.
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Figure 3: Call Holding Time Distributions

In addition to qualitative differences, internet traffic is also
quantitatively different from traditional voice traffic. PSTN
traffic loads are typically measured in units of centum call sec-
onds (ccs), representing one hundred seconds of connect time.
For example, a subscriber line which generates an average of 2

1. Based on preliminary analysis of recently collected data. More work
is underway to refine internet traffic models.

3

calls per hour with an average call holding time of 3 minutes is
said to generate 2x(3x60)/100 = 3.6 ccs load, where the maxi-
mum possible load per line is 36 ccs. Historically, residential
and business subscriber lines are expected to generate 3 - 6 ccs,
with residential lines at the lower end of this scale and business
lines at the higher end. The PSTN is engineered around this
expectation. If a subscriber now starts using the same line to
carry internet calls, as well as regular voice calls, the average
load generated per line can rise to 10 ccs or higher. In this case,
the network is suddenly required to handle about 3 times the
load for which it is engineered.

IV.IMPACTS ON THE PSTN

The nature of internet traffic creates a number of issues for
network engineering. The most immediate impact is due to the
much higher loads generated by internet users. When signifi-
cant number of subscriber lines suddenly generate 3 times their
engineered load, one can expect significant congestion to occur
in several parts of the PSTN: the local access switch, the back-
bone trunk and tandem network, and at the terminating switch
which is connected to the ISP. Since internet traffic from a wide
geographic area is typically funneled into the terminating
switch, acute congestion is most likely to occur first at the ter-
minating switch. In such cases, lines between the terminating
switch and the ISP have been observed to be loaded to 30 ccs or
more. Under these conditions, only a fraction of calls can suc-
cessfully complete. That is, most calls are blocked due to lines
not being available.

The congestion that has been observed in other parts of the
PSTN - the access switches and trunking network — is partly
due to elevated loads, and partly due to other less obvious
causes. Line peripheral units in LEC switches are engineered to
traditional traffic levels i.e., 3 - 6 ccs per line. In particular, line
concentration ratios (LCRs) — the ratio of lines to trunks — are
matched to these loads, so as to provide a uniformly good grade
of service to subscribers e.g., <1% calls blocked. Internet usage
can increase the load generated per subscriber line to 10 or more
ccs, resulting in excessive blocking of call attempts, dialtone
delay, and related problems. In summary, internet traffic can
result in dramatic degradation of service quality.

The occurrence of excessive blocking is illustrated in a heu-
ristic way in Figure 4. Figure 4 shows two blocking curves
derived from traditional traffic models. One curve is for a sce-
nario in which a group of lines is offered traditional exponential
calls. The other is for a scenario in which 4% of the lines are
cffectively blocked out (i.e., continuously occupied) by long
holding time internet calls. In the latter case, the presence of the
internet calls produces a sixty-fold increase in the blocking
experienced by the exponential traffic (from 0.05% to approxi-
mately 3%). Figure 4 shows that a small percentage of internet
traffic can have a dramatic impact on network performance.
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Figure 4: Blocking Scenarios

Within the PSTN, the only answer to this problem is to
reduce LCRs i.e., to provide more trunks (and other switch
resources) per subscriber line. In this way one regains the estab-
lished grade of service, at the cost of providing additional net-
work equipment. Since line terminating equipment is the largest
capital component of switch cost, internet traffic has the poten-
tial to cost LECs large sums of money in ‘out of cycle’ capital
expenditure. First cut estimates suggest that this cost will
exceed $35M per region per year. However, this estimate is
based on incomplete analysis, and the actual cost is expected to
be much higher. Further studies are underway in Bellcore to
produce more accurate estimates of this cost. Figure 5 shows
Belicore’s analysis of a hypothetical scenario, which involves
30 central offices (COs) providing internet access, several tan-
dem switches, and two internet ‘hub’ COs (i.e., terminating
switches). For the purposes of this study, Bellcore’s SCIS tool
was used to estimate incremental capital and operational costs
on a per switch basis.
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Figure 5: Cost of Supporting Internet Access

The largest cost components in all switches were associated
with line terminating equipment. Note that trunk and adminis-
trative costs were not included in this study. Based on extremely

4

conservative assumptions, the annual cost of supporting inter-
net access in an ISP point-of-presence (POP) serving area was
estimated to be in the range $2.7M to $4.2M+. (Costs vary
according to factors such as vendor specific capital and opera-
tional costs.) A typical LEC will contain many such POP ser-
vice areas. Note that this expenditure is likely to generate little
compensating revenue for the LEC. Many subscribers will sim-
ply use their existing flat rate lines for internet access, resulting
in zero additional revenues to the LEC. Others may purchase a
second line — second line sales have risen substantially recently
- however, the additional revenue from this source is unlikely
to offset capital expenditure.

For more accurate estimates of the additional cost to LECs
of supporting internet traffic on the PSTN, it is natural to turn to
traditional traffic models. These models have been used in the
past to engineer such quantities as LCRs, switch resources,
trunk groups, etc. However, the qualitatively new characteris-
tics of internet traffic imply that the traditional models are no
longer valid. For example, it is not sufficient to simply plug the
new elevated subscriber line loads into traditional traffic mod-
¢ls, and recalculate line concentration ratios. The traditional
maodels are overly optimistic and will tend to under-estimate the
internet impact. New models are required, which account for
the much greater variability in internet call holding times. This
point is illustrated in Figure 6 below.
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Figure 6: New Engineering Models

Figure 6 shows a traditional ‘load-service’ curve (solid line),
for example, one that might be generated using an Erlang B or
Poisson formula. For a given grade of service (i.c., blocking
probability), such a curve is used to calculate a ‘safe operating
point’ (SOP) for the relevant equipment. The SOP is the largest
load that can be carried by the equipment while still meeting the
GOS criterion. In the presence of internet traffic, switches and
trunks can no longer be assumed to operate on the solid curve in
Figure 6. Instead, they will tend to operate in some band around
this curve, indicated by the dashed lines. It follows that in the
presence of internet traffic, one must engineer the network more
conservatively, according to the left-most dashed line. The
overall impact of this effect is to de-load network equipment,
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and reduce network efficiency. The magnitude of this effect -
i.e., the additional cost to the network associated with new engi-
neering criteria — is yet to be fully quantified. However, work is
underway in Bellcore to address this issue, and to provide suit-
able new engineering models in the near future. These models
will replace the traditional models developed in the Bell System
over the past 80 years.

Going beyond fundamental traffic models and capital costs,
the increased variability of internet traffic will impact the oper-
ation of LEC networks in a variety of ways. In the area of oper-
ations and facility management, current procedures for load
balancing and monitoring switch performance may prove inad-
equate for internet traffic. Severe difficulties have already been
encountered in load balancing switches carrying significant lev-
els of internet traffic. This problem is presently being studied by
Bellcore to determine what changes are required to current pro-
cedures, and what new switch measurements may be needed.
As noted in section 3, a number of the large scale OSSs and sup-
port tools used by LECs are based on traditional traffic models.
These OSSs need to be updated to accommodate internet traffic.
If they are not, the tendency will be for these tools to underesti-
mate network resources, potentially resulting in poor service to
subscribers, and sub-optimal network planning.

Finally, from the LEC perspective, it is important that equip-
ment vendors, particularly switch vendors, be aware of these
issues, and take necessary steps to incorporate new traffic mod-
els and engineering algorithms into their engineering, provi-
sioning and planning tools. Switch vendors also need to
consider whether new traffic measurements should be provided
by switches, so that their customers can better track and respond
to changing traffic profiles.

V.NETWORK SOLUTIONS

As noted above, the most common internet access arrange-
ment at present is for ISPs to be connected to the local ‘termi-
nating” PSTN switch via large multiline hunt groups, consisting
of hundreds or perhaps thousands of lines. No special actions
are taken within the PSTN to identify or route internet access
traffic separately, or at a different grade of service, from regular
voice traffic — internet traffic uses exactly the same switches,
trunk groups etc. This situation will be referred to below as the
present mode of operation (PMO).

Sections I - IV discussed various PSTN impacts of internet
access traffic in the PMO. It was noted that since the PSTN cur-
rently represents the only near-universal access method, any
long term solution to these problems necessarily involves a
staged migration from the PMO towards some packet network
solution. This section describes a number of solutions that will
relieve pressure on the PSTN, and ultimately allow internet traf-
fic to be carried in an efficient, economical fashion. These solu-
tions may be characterized as short term (ST), medium term
(MT) and long term (LT). In each case the current barriers to
implementing the solution are discussed.

5

As shown in Figure 7, internet solutions may be broadly
characterized according to whether they are implemented in the
access switches of the PSTN, or in the inter-office trunking net-
work. Trunking solutions generally attempt to reduce stress on
the PSTN by de-loading the switches as far as possible, and by
trunking internet raffic more intelligently. Trunking solutions,
however, do not address the central problem of internet traf-
Jic, which is that the PSTN is not designed to efficiendy carry
packet data traffic. Access solutions do address this problem.
They attempt to siphon off internet traffic at the edge of the
PSTN, before it enters PSTN switch and trunk facilities. Once
the internet traffic is separated from voice traffic, it is then
routed onto data networks, where it can be carried very effi-
ciently. Access solutions have far more long term potential to
reduce the cost of carrying internet traffic, and for this reason
are likely to form the basis for any long term network solution.
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Figure 7: Access versus Trunking Solutions

It is possible to take advantage of both broadband technolo-
gies such as B-ISDN, Frame Relay, and ATM to provide a more
efficient interface to ISPs as well as narrowband technologies
such as Advanced Intelligent Network (AIN) or Local Number
Portability (LNP) to more efficiently route the data calls within
PSTN to switching systems that can better handle the data calls.
While the underlying technology for these solutions is largely
in place, a network planning assessment is needed to select the
most promising and cost effective of these technologies to
implement.

The trunking and access solutions discussed in this section
are listed below, together with their characterization as short
term, medium term or long term:

TRUNKING ACCESS

+ managed PMO (ST) * managed PMO (ST)
¢ numbering solution (ST) « packet mode ISDN (MT)
¢ modem pool in CO (ST) ¢ pre-switch adjunct (MT)
+ post-switch adjunct (ST) < ADSL (MT/LT)
¢ cable modems (MT/LT)
« packet radio (LT)
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Managed PMO Trunking Solution

Trunking solutions address the problem of congestion in the
trunking network and terminating switch. Although trunking
solutions are technically feasible, they may not be within the
full control of LEC for a number of reasons. First, an ISP buys
only as many lines as it deems necessary to the terminating
switch. For the most part, ISPs are content to provide a much
poorer grade of service than in the PSTN. Internet traffic is
growing so fast that customer retention is not an issue (at least
in the near term), and customers themselves generally expect
many calls to be blocked. Consequently, with too few lines to
accommodate the offered load, congestion is likely to be a
chronic problem on ISP lines.

This congestion can be contained by putting ISP lines on
separate peripherals so that other customers are not affected. It
could also be ameliorated by: (i) connecting the ISP to the ter-
minating switch via trunk or primary rate ISDN (PRI) inter-
faces, (ii) connecting the ISP directly to tandem switches via
trunk or PRI interfaces, so that switches are de-loaded, and (iii)
connecting the ISP to remote integrated digital loop carrier
(IDLC) interfaces, which could be engineered to an appropriate
grade of service. The latter three actions would improve the
LEC operations and facilities aspects of this problem.

However, ISPs currently perceive little incentive (e.g. in
terms of cost) to move away from basic line side connections,
and so they typically opt to be connected to the switch via mul-
tiline hunt groups. In some cases this choice may be made in
ignorance of other options, or through failure to recognize the
potential cost / performance advantages of more efficient inter-
faces. The competitive cost of basic line side connections is
undoubtedly attractive to ISPs. However, line side connections
arc more expensive to maintain operationally, and as multiline
hunt group sizes grow, there may be some cost incentive for
ISPs to move towards trunk or PRI interfaces.

This issue highlights the role of tariffing in influencing prac-
tical network solutions. The tariffs applied to various line types
by public utilities commissions (PUCs) in many cases reflect a
traditional view of how subscribers utilize network equipment.
Tariffs are set in part so that different classes of customers pay
in proportion to their usage of network resources. However,
internet traffic has distorted traditional patterns of network
usage, and undermined the LECs’ ability to recover costs in
proportion to usage. Bellcore is currently helping the LECs
address this issue through data studies in support of tariff
changes.

AIN Routing / Numbering Soluti

The main idea in this solution is to assign switched based
dialed number (DN) triggers to pre-advertised internet or on-
line telephone numbers. Once the originating switch recognizes
that the call is destined to an ISP (based on the defined trigger),
it can then either route these calls to a tandem or a large switch-
ing system that has sufficient capacity to carry the data calls
(e.g., an inner-city switch which is under-utilized at night), or

6

decide to route them out of the PSTN entirely and use a packet
network to concentrate the data traffic for transport to the ISP.
In either case, the first step in this solution would be to detect
the data calls using the defined trigger, and segregate them from
voice calls for more efficient transport and routing. The office-
based DN trigger is available in most modern switching sys-
tems.

One implication of this approach is that every call through
the switch must be screened for this trigger, which will typically
require additional processor capacity. In the case of equivalent
AIN triggers, there may be a substantial hit on switch proces-
sors, which translates into a substantial reduction in switch
capacity, due to this potentially non-revenue producing internet
traffic. A potential advantage of the AIN / numbering solution
is that it concentrates internet traffic in relatively few places
(e.g., designated trunk groups) and thereby achieves economic
efficiencies in the engineering of CO equipment, as well as min-
imizing capital expenditure for high performance interfaces
between selected tandems and ISPs.

Once a data call has been detected, it can then either use
translations and routing tables in the switching systems to route
the calls to pre-selected switches or alternatively launch a rout-
ing query to an AIN Service Control Point (SCP). The advan-
tage of using SCPs is that switches do not need to store large
routing tables that are subject to frequent change. SCPs permit
intelligent routing based on availability of modem ports or
routes, time-of-day and day-of-week routing, and other criteria
that LEC and ISP can agree upon. Additionally, the LNP archi-
tecture offers the advantage of maintaining the same access
numbers while routing the calls in way that is most cost effec-
tive for the LEC or ISP. Thus end-users always dial the same
number to access the ISP. However, the network routes the call
based on paths that are most suitable from a network capacity
and cost point of view.

00 e c ost-Sw djunct

Instead of providing 1MB line interfaces to the ISP, in which
case the ISP maintains its own modem pool, the LEC, as a value
added service, could maintain a modem pool (or equivalent
equipment) on its own premises, concentrate the output of this
modem pool into high speed digital pipes (DS1/DS3) either at
end offices or tandems, and then transport the aggregated data
stream to the ISP across a data network (e.g., Frame Relay).
This implementation may provide a more attractive interface
for the ISPs — maintenance of large modem pools is an acknowl-
edged problem — while providing the LEC with the opportunity
to engineer the network so as to avoid the LHT related prob-
lems. One business driver for this solution is that ISPs desire to
extend their local calling areas as far as possible, so that custom-
ers benefit from local calling rates. Widely deployed modem
pools / adjuncts effectively achieve this objective. The business
case, and deployment, implementation and engineering guide-
lines for this solution need to be more fully analyzed.
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Within the local access switch, it is possible to take some
actions to reduce or manage the impact of internet traffic. For
example, if it is possible to identify heavy internet users, one
can provide IDLC interfaces for these users, which are engi-
neered independently of other lines to provide the required
grade of service. Educated management of access switches will
provide limited relief from internet problems — if nothing else,
it is better for operations staff to understand the problem than to
operate in a blind fashion. However, managed operation of
access switches within the PMO will result in significant ‘out of
cycle’ equipment expenses, and will not provide any substantial
long term relief from internet problems.

Packet Mode ISDN

Data transmission only uses a fraction of the 64 kbps circuit
switched bandwidth which is held up for the duration of internet
calls. Specifically, data packets are sent back and forth across
the circuit in rapid bursts followed by relatively long idle peri-
ods, and thus the bandwidth remains unused for most of the call.
The inefficiency of carrying packet data over circuit switched
networks was the main driver for developing packet switched
networks.such as X.25, Frame Relay, etc.

Ideally, one needs a simple method of identifying internet
calls as data calls, and routing them to a data network before
they enter the PSTN. In its packet mode services, ISDN pro-
vides such a method. Circuit mode ISDN calls operate in much
the same way as traditional analog POTS calls. They seize a 64
kbps circuit and retain it for the duration of the call, regardless
of whether the bandwidth is used or not. In contrast, packet
mode ISDN calls do not reserve any fixed amount of bandwidth
— they use bandwidth only as required. In packet mode calls,
packets are sent as the subscriber generates them, and the switch
is engineered to multiplex multiple packet streams together
onto shared communication channels, so that bandwidth is uti-
lized effectively, and all users receive an acceptable level of
packet delay performance.

Packet mode services constitute a different paradigm for
communications. They were included in ISDN for the purpose
of carrying packet data traffic, but for a variety of reasons have
not been made generally available to the public. Some of these
reasons are possibly connected to questions concerning the
capacity of ISDN packet handlers (which siphon off packet data
traffic at the access side of the switch), and some may be related
to lack of (pre-internet) applications and positioning of these
products within the market place.

Although there are issues concerning the capacity, engineer-
ing and cost of ISDN peripherals, packet mode ISDN in princi-
ple constitutes the most attractive solution for identifying and
segregating data calls at the access side of the switch. Imple-
mentation of ISDN as a practical solution may require interac-
tions with switch suppliers to understand current limitations of
packet handlers, and possibly increase their capacity in line with
projected demand for packet mode services. Interaction may

7

also be required to investigate appropriate engineering algo-
rithms for ISDN switches. These same issues are currently aris-
ing through the use of packet mode ISDN services for point of
sale (POS) transaction traffic.

Pre-Switch Adjunct

The idea of a pre-switch adjunct is to put some equipment
with switching and modem capabilities between the subscriber
and the local access switch. This adjunct equipment would per-
form some sort of table lookup on each call origination, to deter-
mine whether the call is destined to an ISP, or whether it is a
regular voice call. In the first case, the adjunct equipment would
route the call to a data network (via a modem function) and
totally bypass the LEC switch. In the case of a voice call, the
adjunct would simply pass the call to the LEC switch, and call
setup and billing would proceed normatly.

The idea behind the access node is valid — to siphon off data
calls before they hit the LEC switching network. However,
there are a variety of technical and business issues which need
to be resolved with this approach, including the engineering and
operations issues surrounding support of the adjunct, the cost of
the additional equipment versus other solutions, implementa-
tion of billing, etc. In addition, since the adjunct resides
between the subscriber and the local access switch, which is the
subscriber’s primary point of contact to the network, the pre-
switch adjunct solution raises sensitivities to issues such as reli-
ability, priority for emergency calls, recovery from failures,
overload control, etc.

! ic Digital Subscriber Loop (ADSL)

ADSL is an emerging technology that would replace or sup-
plement the existing POTS or ISDN line between the subscriber
and the local access switch. ADSL provides more bandwidth
from the switch to the subscriber than in the reverse direction,
from the subscriber to the switch. This arrangement is based on
the expectation that subscribers will typically want to receive
more information (e.g., video images) than they send. ADSL
also provides the capability to siphon off data calls on the access
side of the switch, before they enter the PSTN. These calls
could then be routed to a packet network for efficient transport.
Although it represents a potential solution, the timeframe and
economics of ADSL rollout and acceptance are not clear.

Cable Modems

Cable modems utilize a shared hybrid fiber coax (HFC)
medium and a media access control (MAC) scheme to share
bandwidth among a subset of customers from a cable head-end.
Cable modem technology has the potential to provide attractive
high speed data access to cable-equipped subscribers. However
the implementation details of this technology are still being
explored. Since most, if not all, cable modem technology is
implemented with a MAC scheme that allows for collisions and
retransmissions, many details of the modem architecture, MAC
scheme, traffic characteristics, line length (i.e. propagation
lime), deployment topologies, etc. will affect the real-world
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throughput of these devices. Vendor claims of 100 times nar-
rowband ISDN bandwidth may greatly overstate their realizable
throughput in realistic deployment scenarios. The aggregation
of the upstream bandwidth of these devices is also dependent on
traffic characteristics, as the upstream bandwidth is limited.

As with packet mode ISDN and ADSL, cable modems rep-
resent a solution in which internet traffic would be carried over
data networks rather than the PSTN. Since cable lines are
owned by cable companies, cable modems represent a potential
competitor to the LECs. In order to retain market share, the
LEC: either need to team with cable companies, or deploy alter-
native solutions that are competitive with cable modems in
terms of access speed, ease of installation, etc. As with ADSL,
the timeframe and economics of cable modem rollout and
acceptance are not clear.

VI. CONCLUSIONS

Due to a variety of market drivers, including wider availabil-
ity of personal computers, the popularity of web browsers, and
the rapid increase in internet service providers, internet traffic
on the PSTN has experienced explosive growth in the past 6 to
12 months, and is projected to continue this growth for at least
the next 5 years. The public switched telephone network
(PSTN) will be the main carrier of internet access traffic for the
foreseeable future. The PSTN is already struggling under the
increased volume of this traffic, and network problems such as
congestion, excessive blocking of subscriber calls, and exhaus-
tion of switch capacity point to the danger of network failures
unless effective short term and long term network solutions are
identified and implemented soon.

Internet traffic is essentially data traffic, and can be carried
most effectively on data networks. However, since the PSTN is
currently the only near-universal method of access, any long
term solution will necessarily involve a staged migration from
the present mode of operation to some data network solution.
The burning issue for LECs is how to engineer this migration in
a cost effective and timely manner, given current technological
constraints. This paper has identified a range of actions that can
be taken to orchestrate a satisfactory long term solution. The
final solution for each LEC may include a number of these
actions, and could well be influenced by the unique business
strategies and network plans of that LEC.

Regardless of the ultimate solution selected by an LEC,
there is a substantial amount of work required in order to cost
out the alternatives, perform interoperability testing of various
supplier equipment, formulate appropriate engineering and
operations plans for the network, and translate these technical
advances into attractive products and marketing strategies. In
parallel with this activity, it may be desirable for the LECs to
jointly support the industry in formulating common equipment
/ interface standards and functional requirements, to facilitate
service offering and interworking within the U.S. market.
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LIST OF ACRONYMS
ADSL asymmetric digital subscriber loop
AIN advanced intelligent network
ATM asynchronous transfer mode
B-ISDN ' broadband ISDN
CoO central office
COER Bell System OSS (see reference {1])
DN dialed number
GOS grade of service
HFC hybrid fiber coax
IDLC integrated digital loop carrier
ISDN integrated services digital network
ISP - internet service provider
LATA local access and transport area
LCR line concentration ratio
LEC local exchange carrier
LHT long holding time
LNP local number portability
LSSGR LATA Switching Systems Generic Requirements
MAC media access control
0SS operations support system
pPC personal computer
PMO present mode of operation
POP point of presence
POTS plain old telephone service
PSTN public switched telephone network
PUC public utilities commission

RBOC Regional Bell Operating Company
TNDS Bell System OSS (see reference [1])
WAH work at home

WwWw world wide web
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Architectural Solutions to Internet Congestion
Based on SS7 and Intelligent Network Capabilities
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Abstract: The explosive growth of the internet has cre-
ated problems for the Public Switched Telephone Net-
work (PSTN), which for the foreseeable future will pro-
vide the majority of users with internet access via dialup
modems. Based on current growth rates, the volume of
‘internet’ traffic on the PSTN is forecasted to rival or
overtake ‘regular’ telephone or fax traffic in the next
Jew years. This represents an enormous shift in the vol-
ume and nature of the PSTN iraffic.

All of the solutions proposed to date recognize that it is
necessary to off-load internet traffic from the PSTN. The
PSTN is optimized for circuit-switched voice traffic,
whereas internet traffic is most efficiently carried by
packet-switched networks. In the search for effective
off-load strategies, the first impulse has been to look for
technological answers, ie., to employ a new class of
equipment to siphon traffic off the PSTN.

However, it is equally important, and perhaps more cost
effective, to explore the use of existing features and ca-
pabilities in the voice network to develop efficient
strategies to carry internet traffic. Intelligent Network
capabilities, and those provided by Signaling System
No. 7 (SS7) infrastructure, can be used to construct off-
load architectures with flexible routing and call control.
This report describes a number of such architectures.

1. Introduction

Reed Hundt, outgoing chairman of the FCC, recently
voiced the need for a “... high speed, congestion-free,
always reliable, friction-free, packet-switched, big
band-width, data friendly network that is universally
available, competitively priced, and capable of driving
our economy to new heights. .. If we build it, the won-
ders will come.” 4

A Bellcore White Paper by Dr. Amir Atai and Dr. James Gordon

The authors of this paper are in agreement with Chair-
man Hundt’s desire for ready public access to high
speed data networks and the internet. The center of
mass in the telecommunications industry is shifting
away from traditional voice technology to data net-
working. High speed public data networks are needed to
support a range of advanced telecommunications and
information services that will become available in the
near future, including commerce over the web, multi-
media applications, and internet telephony.

However, while data networks will be a key ingredient
of the future, the existing voice network (the PSTN ')
will not become obsolete overnight, or even for many
years. For one thing, there is a huge investment in the
PSTN which cannot simply be discarded. Furthermore,
the PSTN is a sophisticated system that offers an array
of advanced features that cannot be matched by data
networks in their present stage of maturity. With intelli-
gent planning and packaging of services, voice and data
networks should in fact complement and augment one
another, for the greater benefit of subscribers.

The integration of voice and data services was planned
well in advance by the ‘minders’ of the telecommunica-
tions infrastructure. For example, work began as early
as twenty years ago on an Integrated Services Digital
Network (ISDN), that would combine voice and data
services. While ISDN has enjoyed a recent surge in
popularity due to the growth in internet traffic, its pene-
tration is still very small.? Efforts to simplify ISDN or-

I Public Switched Telephone Network.

2 According to references in a recent FCC report (reference
D), approximately 70% of subscriber lines can in principle
support ISDN. However, only 1% of access lines actually
have ISDN equipment deployed. And only 1.4% of internet
users employ ISDN service.
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dering and provisioning are currently underway, with
the goal of increasing ISDN penetration. However, sup-
port for ISDN may be eroded by competition from
newer technologies such as high speed analog modems
and Asymmetric Digital Subscriber Loop (ADSL).

In principle, ISDN should have provided a ‘data pipe’
into residential homes, to supplement the existing ‘voice
pipe’. As always, access is one of the main barriers to
the growth of data services — the famous ‘last mile’
problem. In the absence of widely available data access
to residential homes, data services will tend to remain
niche products, available to limited segments of the
population. The need for ‘universal’ high speed data ac-
cess might be satisfied in the future by technologies
such as ADSL and cable modems. In the near term,
however, these products are unlikely to achieve wide-
spread deployment, due to immaturity of the technology
and the initial expense of equipment.

Over the next few years, the PSTN will provide the vast
majority of residential users with access to the internet
and other data networks. Using voice circuits or ‘pipes’
to access data networks is not an ideal solution. How-
ever, it is the only alternative that is feasible in the short
term. Ironically, in spite of the failure to deploy large
scale residential data access, internet traffic may well
drive the first widespread integration of voice and data
networks. Due to popularity of the World Wide Web,
etc., dialup internet traffic on the PSTN has experienced
dramatic growth over the past two years. This in turn
has created problems for the PSTN, leading network
operators and equipment vendors to seek ways of off-
loading internet traffic from the PSTN onto data net-
works.

At present, the pros and cons of various internet off-
load strategies are being debated, and subject to market-
place evaluation. For example, carrier meetings such as
Bellcore’s Internet Traffic Engineering Solutions Forum
(ITESFY are actively exploring architectural solutions
for the internet congestion problem.

3 The ITESF was created in 1997 and meets quarterly. At the
time of writing, membership includes 8 carriers from the
U.S., Canada, and Australia. Its goal is to understand the
impact of internet traffic on LEC networks, share best
practices, and identify architectural solutions. Equipment
suppliers are also invited by the ITESF to discuss relevant
current and future products.

November 19, 1999
Item No. 4
Page 42 of 58

In the search for solutions, the first impulse has been to
look for technological answers — i.e., to employ some
new class of equipment to siphon traffic off the PSTN.
However, it is equally important to explore the potential
for using existing features and intelligence in the voice
network to develop efficient strategies for carrying
internet traffic. In particular, the Signaling System No.
7 (SS7) and Intelligent Network (IN) capabilities of the
PSTN have the potential to enhance the management,
and streamline the transport of internet traffic, whatever
technology and network equipment is employed.

This paper reviews a number of network architectures
that facilitate the inter-working of the PSTN and data
networks and, in particular, that allow internet traffic to
be off-loaded from the PSTN onto data networks for
more efficient transport. The pros and cons of these ar-
chitectures are discussed. A particular emphasis of the
paper is on the possible role of IN and SS7 capabilities
in supporting the flexible transport and management of
internet traffic. The main conclusion of the paper is that
S87 and IN capabilities can significantly improve the
attractiveness of both pre-switch and post-switch off-
load architectures.

2. Problem Statement

Internet traffic creates a number of problems for the
PSTN, but ultimately the most critical problem is that it
upsets the PSTN’s established economics. Internet traf-
fic increases the load on PSTN resources, requiring the
purchase and deployment of additional PSTN equip-
ment, in order to carry the excess traffic. It follows that
internet traffic increases the costs experienced by net-
work operators. In contrast, it results in little or no com-
pensating revenue. Or, as in the case of second lines, the
revenue is outweighed by the increased costs.B

At present, many local exchange carriers (LECs) are in
a holding pattern with regard to internet traffic, while
potential solutions are evaluated. Although sufficient
equipment has been added to cope with current de-
mands, there is a clear recognition that better solutions
are required. Furthermore, practical workable solutions
are needed soon, since there appears to be no slow-
down in the rate of growth of internet traffic.

One example of internet growth concerns the recent in-
troduction of flat-rate pricing for some popular on-line
services. Bellcore measurements suggest that under flat-
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rate pricing plans, users will stay on-line up to twice as
long (on average) as under metered rate plans. Under-
standably, given the number of online users, this dou-
bling of call duration can result in significantly higher
loads for the PSTN. Internet growth forecasts from sev-
eral sources all point to continued rapid growth. For ex-
ample, by the year 2000 it is estimated that 30% of US
households will be on-line, compared to 15% in 1997.

The continued growth of internet traffic adds to the
costs of network operators. Since tariff relief is unlikely
in the near term, the only solution to this problem is to
proactively reduce costs by carrying internet traffic
more efficiently. There are many proposed architectures
for doing this, and the challenge for carriers is to iden-
tify the best off-load strategies, and synthesize the
one(s) that are most cost effective, and that are consis-
tent with network evolution. The final solution may
well make use of many different elements, including
new types of equipment, and the use of IN capabilities
in creative and novel ways.

For a brief description of internet-related problems on
the PSTN, and a survey of architectural solutions, the
reader is referred to an earlier Bellcore white paper on
this subject.® The impact of internet traffic has been
documented in more detail in studies by Bell Atlantic,
NYNEX, Pacific Bell and US WEST (see the web pages
for these companies), and a comprehensive overview is
provided by a recent FCC paper.® In addition, internet
congestion has been discussed in numerous technical
magazines and mass media articles and a more general
perspective on how internet traffic affects PSTN engi-
neering is given by the Bellcore article.® Many suppli-
ers have developed, or are in the process of developing,
products aimed at alleviating or solving internet con-
gestion on the PSTN.

3. Key Issues
3.1 Why off-load?

The root cause of internet congestion is that internet
calls have a much longer duration than the voice calls
for which the PSTN was designed. Typical internet calls
have an average duration of 20 minutes or longer, while
average voice calls last 3-5 minutes. In addition, a seg-
ment of internet users stay online for many hours at a
time. The probability of a voice call exceeding one
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hour’s duration is less than 1%. In contrast, more than
10% of internet calls will exceed one hour.

In a circuit-switched network such as the PSTN, these
long holding time (LHT) calls tie up both switch re-
sources and interoffice trunks, and cause congestion that
affects all users. Bellcore traffic modeling, supported by
field measurements, shows that small increases in the
amount of internet / LHT traffic can significantly in-
crease the probability of call blocking (the main quality
of service measure in the PSTN). For example, if 4% of
users generate internet calls with 45 minute call holding
time, then the probability of blocking increases from
1% to 7% (assuming no additional network equipment
is deployed).

Even though an internet call lasts much longer (on aver-
age) than a voice call, the line is not actively used dur-
ing the entire call. It is estimated that internet users
utilize only 1/5 to 1/6 of a voice circuit’s bandwidth.
The on-off nature of internet traffic makes it ideal for
packet switching, which ‘multiplexes’ (i.e., combines)
several users’ traffic onto a single channel. It is antici-
pated that multiplexing gains of 300% to 500% can be
achieved by transporting internet access traffic on
packet-switched versus circuit-switched networks. The
efficiencies obtained through statistical multiplexing re-
sult in lower capital and operational costs, provided the
traffic is of sufficient volume, and assuming that a data
network infrastructure is in place. These reduced costs
are a principal motivation for off-loading internet traffic
from the PSTN onto data networks.

3.2 Present Mode of Operation

Before discussing off-load architectures, it is useful to
understand the present mode of operation (PMO). Pres-
ently, most Internet Service Providers (ISPs) interface
to local exchange carrier (LEC) networks via multi-line
hunt groups or Primary Rate ISDN (PRI) (see Figure 1).
Typically, the switches that ISPs connect to are chosen
(by the ISPs) in order to maximize the free calling area.
Often they are residential switches that were not de-
signed to handle high volumes of traffic, particularly
LHT traffic.

As shown in Figure 1, calls from many originating (or
ingress) switches are routed through tandems or direct
trunk groups to the terminating (or egress) switch,
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where they gain access to the ISP modem pool. This
network topology funnels traffic into the egress switch,
and can easily lead to congestion unless carefully engi-
neered by the LEC. Routine operation of switches in-
cludes the task of provisioning new lines, and load bal-
ancing new and existing lines across line peripherals, so
that uniformly good service is provided to all custom-
ers.

The fact that LECs often do not know what lines are
used for internet access makes provisioning and switch
load balancing a non-trivial and laborious task. It is es-
timated that internet-related load balancing costs a large
LEC on the order of $30 million dollars a year in addi-
tional operations costs. Nevertheless, it is an important
function. If allowed to occur, traffic imbalances on
switches will cause non-uniform blocking for users,
leading to poor service for subscribers, and other ca-
pacity management problems for the LEC.

Problem Problem Problem
Area#3 Area#2 Areca #1

multi-line hunt
group or PRI

Ingress Interoffice Egress
Switch Trunks & Tandem Switch

Figure 1: PMO Problem Areas

In Figure 1, the switches most likely to experience con-
gestion problems are the egress switches which serve
ISPs (Problem Area #1). As noted above, multi-line
hunt groups (IMB lines) are a common method of con-
nection between the egress switch and ISP. However,
there is a significant movement on the part of LECs and
ISPs towards primary rate ISDN (PRI) for the following
reasons. For LECs, PRI has the advantage of being a
trunk-side rather than a line-side connection. Since there
is no concentration on trunk-side connections, PRI con-
nections reduce the likelihood of switch congestion.
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(Specifically, they eliminate the problem of congestion
in switch line modules.)

For ISPs, PRI connections have several advantages,
though they are more expensive than 1MB lines. First,
IMB lines make it difficult to achieve high modem den-
sities due to wiring constraints. By virtue of simpler
physical wiring, PRI connections support higher modem
densities. Second, digital carriers (such as PRI and D-4)
provide better transmission quality, which is important
for recently introduced 56kb modems. Finally, ISPs can
obtain network management information via the PRI
(signaling) D-channel. This information is valuable to
ISPs, since it allows them to track calling numbers,
customer usage patterns, etc.

In Figure 1, the second segment of the network that is
impacted by LHT traffic comprises the interoffice
trunks and access tandems (Problem Area #2). Since
under normal circumstances trunks carry both voice and
internet traffic, additional internet traffic requires the
provisioning of additional trunks to ensure adequate
service for both voice and data users. The least con-
gested elements in Figure 1 are likely to be the origi-
nating or ingress switches (Problem Area #3). Initially,
ingress switches are unlikely to experience congestion,
since only a fraction of all subscribers are internet users.
However, as internet penetration grows, internet-related
congestion will progressively occur in more and more
ingress switches, causing similar problems to those in
egress switches.

Understanding internet congestion from a network per-
spective is critical in designing cost-effective solutions.
At current internet penetrations, it is estimated that 25%
to 33% of all switches can be categorized as egress
switches. Based on the above discussion, the most im-
mediate network segments to de-load are Problem Areas
#1 and #2. However, ingress switches (Problem Area 3)
may also be congested in certain high-penetration areas,
and addressing congestion in ingress switches will be-
come more important as time goes on. Effective internet
off-load architectures need to address all three problem
areas, and be capable of reducing congestion where it is
most acute, as determined by internet penetration levels,
varying traffic patterns and communities of interest.

3.3 Ofi-Load Architectures
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Faced with the growth of internet traffic, carriers have a
fundamental choice. They can continue to add equip-
ment to the PSTN in order to maintain service quality
for all customers, while carrying internet calls on the
same facilities as regular voice calls. Alternatively, they
can adopt some new network architecture - referred to
here as an off-load architecture — which effectively seg-
regates internet traffic from regular voice traffic, and
allows internet traffic to be carried more efficiently over
dedicated facilities or a packet network.

If the first course is adopted, there are several short term
engineering approaches which can be used to fine tune
the PSTN for internet traffic. One such approach is to
identify heavy internet users (by some means), and ter-
minate their lines on digital switch modules that are
more flexible in term of line concentration ratios. For
example, new classes of line modules and ‘Next Gen-
eration’ Digital Loop Carrier systems can be used to
support line concentration ratios as low as 1:1, poten-
tially eliminating blocking at the line concentration
level of the switch.

In this approach, heavy internet users would be carried
on the same facilities (i.e., switch modules and trunks)
as voice customers. However, the engineering rules for
both switches and trunks would be modified (i.e., made
more conservative), in order to provide acceptable
service to all customers. Apart from its higher cost, this
approach raises a number of practical issues, including:
(i) the development of new engineering procedures, (i)
the development of provisioning and load balancing
procedures for shared switch modules, and (iii) planning
and managing network capacity in the presence of sev-
eral distinct classes of traffic.

While the above approach undoubtedly provides imme-
diate relief for network operators, and is appropriate in
the short term, it fails to address the fundamentally dif-
ferent nature of internet traffic. If dialup internet traffic
continues to grow at forecast rates, its volume will soon
rival that of regular voice traffic on the PSTN. In this
situation it no longer suffices to adopt makeshift solu-
tions to internet congestion. Instead, it becomes desir-
able to treat internet traffic as a distinct class of traffic
with its own requirements, and to develop network ar-
chitectures that can transport internet traffic efficiently,
and provide the features required by end-users.
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A simple form of internet off-load architecture would be
to segregate internet traffic within the PSTN. According
to this strategy, one would identify internet calls (e.g.,
by means of intelligent network capabilities), and route
them over dedicated switch modules and trunks within
the PSTN. This strategy may well prove to be cost-
effective in the medium term, and provide an intermedsi-
ate step towards a full data off-load architecture. It
could be implemented using existing SS7 and IN capa-
bilities, and avoids a number of evolution issues associ-
ated with data networks and protocols (see section 3.6).

Ultimately, however, data networks will provide the
most efficient means of carrying internet traffic. By
taking advantage of statistical multiplexing gains, data
networks can efficiently transport internet calls. Fur-
thermore, data networks will in time provide the fea-
tures and services that are most closely aligned with
internet (and other data) applications. If the decision is
made to migrate towards a full data off-load architec-
ture, the question arises as to how best to achieve this
goal. As noted above, for the foreseeable future the
PSTN will provide the majority of users with access to
the internet and other data networks. It follows that a
key element of any data off-load strategy is to decide at
what point within the PSTN one should re-direct inter-
net calls onto a data network. There are two basic op-
tions:

1. Post-Switch (Trunk-Side Redirect) — In a post-
switch architecture, internet calls are allowed to
pass through the ingress switch, before being re-
directed out of the PSTN and onto a packet network
for final delivery to an ISP. The main benefit of this
approach is that internet calls by-pass the PSTN’s
interoffice trunks and the egress switches, and are
instead transported by a packet network. However,
the ingress switches are still involved in both the
signaling and transport phases of internet calls.

2. Pre-Switch (Line-Side Redirect) — In a pre-switch
architecture, internet calls are intercepted and re-
directed onto a packet network on the line side of
the ingress switch. The goal is to by-pass all PSTN
elements (ingress switch, trunks, and egress
switch). Note that although the ingress switch is no
longer involved in internet call transport, it may
still be involved to some extent in call-related sig-
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naling. However, its involvement is minimal in
comparison to a post-switch architecture.

could possibly be used to route internet calls. For in-
stance, the Location Routing Number (LRN) returned
by an LNP query could point to an Internet Call Rout-
ing (ICR) node (see sections 4 and 5), rather than a
‘ported-to’ switch as is the case in LNP. This strategy
has at least two advantages. First, there is no need to
alter dialing plans. Second, it gives ISPs the flexibility
of moving location and / Or carrier, in a way that js
completely transparent to their Customers. ISP custom-
ers would continue to dial the same access numbers, and
the network would ensure that calls got routed to the
ISP’s new location or carrier. Of course, this use of
LNP raises a number of protocol and administration is-

Sections 4 - 6 provide examples of these two classes of
off-load architecture. They also describe the features
and capabilities needed to make post-switch and pre-
switch architectures effective, flexible and robust. And
they comment on the pros and cons of the architectures
from a technological and cost perspective.

3.4 Internet Call Identification, Routing

A problem common to al internet off-load architectures

is how to identify and route internet versus voice calls.
The most straightforward approach to this problem is to
provide full 10-digit number translations (i.e., routing
instructions) within every switch in the PSTN. How-
ever, this solution could be an administrative nightmare,
and would not provide as much flexibility as other al-
ternatives. The following discussion describes several
other methods for internet call identification and rout-
ing.

IN Office-Based Triggers — One option is to obtain all
ISP and on-line service provider (OSP) telephone num-
bers, and configure office-based ‘triggers’ for these
numbers. Every cal] entering the switch would be
screened against the list of numbers. Internet calls
would ‘hit the trigger’ (i.c., be positively matched
against a known ISP / OSP number), causing the switch

sues, which would need to be addressed before it can be
implemented in the network.

IN Single Number Service — Currently, ISPs advertise
many access numbers to their customers. For example,
different numbers may be used for different calling ar-
eas, different modem banks (i.e., different speed mo-
dems) within the same calling area, etc, Single Number
Service is an intelligent service within the PSTN, that
allows calls to a single number to be routed to different
locations based on various criteria. For example, calls
can be routed to the nearest [SP point of presence (POP)
during business hours, and to a remote central location
outside of business hours. Different ‘single’ numbers
could be used for 288 versus 56kb modems, or the
network itself could route calls to the correct modems
based on stored customer information. For ISPs, Single

to issue a query for routing instructions. Advantages of
this scheme are that there is no need to alter dialing
plans (i.e., ISP / OSP numbers), and this type of trigger
should be available on ai] modern switching systems,
since it is required by many basic IN and SS7 type
services. Disadvantages are that ISP / OSP numbers are
not always known in advance, and office-based triggers
consume additional switch processing power, since
every originating call (both voice and internet) must be
screened against the trigger.

Number Service can greatly simplify the administration
of access numbers and technical support call centers,
Note that in future internet off-load architectures, the
location of modem functionality may shift from the ISP
POP to some other location (e.g., access server). Single
Number Service would make such changes transparent
to ISP customers.

*XX Service Code — A final method is to assign a spe-
cial service code to internet calls, such as the 800 sery-
ice code used for tol] free calls. The advantage of the
service code approach is that it makes ijt easy for
switches to determine that an originating call is an
internet call. This detection would occur early in the
switch’s digit analysis, in contrast to an office-based
trigger where the switch must wait for the user to finish
dialing all digits and then compare the results with the
trigger list. An obvious disadvantage of the service code
approach is that it changes the user dialing plan.

LNP Routing of ISP Numbers - Since LNP wilj soon
be widely deployed (under regulatory mandate), the
option exists of configuring ISP / OSP numbers as LNP
ported numbers, and using LNP queries to obtain rout-
ing information for internet calls. In LNP, inter-switch
intra-LATA calls to a ported NPA-NXX hit an LNP
trigger, causing routing queries to be sent to an LNP
database. With modifications, the same mechanism



. BellSouth Telecommunications, Inc.

Architectural Solutions to Internet Congestion Based on SS7 and Intelligent Network Capabilities ~ Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-4

3.5 Access Server and ICR Node

The assumption underlying all off-load architectures is
that, once an internet call has been identified, it can be
routed to some transport facilities outside of the normal
PSTN. These facilities could be dedicated point-to-point
links to an ISP, or they could be a packet network. In
either case, there is typically a need for some intermedi-
ate network element that will act as an interface be-
tween the PSTN and the non-PSTN internet transport
facilities.

We refer to this element as an access server (AS). Note
that the term AS is a loose one, that could describe sev-
eral types of equipment with different functionality. For
example, the AS could take incoming calls from SS7
trunks in the PSTN, and forward them over PRI to ISPs.
In this case, no data transport is involved. However, the
AS is required to be capable of SS7 signaling. Alterna-
tively, the access server could incorporate modem bank
functionality. In this case, the AS would terminate in-
coming PSTN calls, convert them to packet format, and
forward them to ISPs over a packet network. In all
cases, the common feature of the AS is that it acts as a
transport interface between the PSTN and internet fa-
cilities.

Several of the off-load architectures discussed below
utilize a new type of SS7 signaling node, which we re-
fer to as an Internet Call Routing (ICR) node. The ICR
node contains the routing intelligence for internet calls.
It is a central network element, that controls internet call
routing via instructions to ingress switches and / or ac-
cess servers. Signaling between the ICR node and
switches is via SS7. Signaling between the ICR node
and access servers will probably be via some other (pos-
sibly proprietary) protocol.

We emphasize that access servers and ICR nodes (Bell-
core’s terms) are relatively new elements in the PSTN
(though they have precedent in existing adjunct equip-
ment such as intelligent peripherals and voicemail Sys-
tems). Functionally, access servers and ICR nodes are
not well-defined, and can be expected to evolve ac-
cording to market demand, changes in internet proto-
cols, etc. The functions of access servers and ICR nodes
are described in more detail in sections 4 and 5 below.

3.6 ISP Issues
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While LECs have some latitude within the present mode
of operation (PMO) to improve the handling of internet
traffic within their own networks, significant efficien-
cies will only be achieved by moving to off-load archi-
tectures. This in turn requires the participation or coop-
eration of other parties, chiefly ISPs. In order to be at-
tractive to ISPs (and their customers), off-load archi-
tectures must provide a number of key capabilities.
These can be summarized under the three headings of
administration, authorization and authentication (AAA).

ISPs are extremely sensitive about relinquishing the
administration of modems (or modem functionality) to
third parties such as LECs. One reason is that they have
‘grown up’ with existing modem technology, and have
become very efficient at maintaining it. A more funda-
mental reason is that retaining control of modems al-
lows ISPs to directly manage their own customer bases,
without relying on third parties, and without having
third parties intrude on this relationship. Sensitivities
regarding customer access are heightened by the fact
that some LECs have ISP subsidiaries.

A key element of many off-load architectures is to
move modem functionality away from ISPs and closer
to end users, so that internet calls can be converted to
packet format as early as possible, to take advantage of
multiplexing gains. As a pre-condition for the success-
ful implementation of off-load architectures, it is there-
fore critical that LECs address the ISP concerns re-
garding access to, and security of, ISP customer infor-
mation. (Note that LECs are not necessarily enthusiastic
about taking over modem maintenance. However, they
recognize that it may be a necessary step in obtaining
the benefits of off-load strategies.)

Similarly, ISPs do not want to give up authorization and
authentication functions. They want to maintain their
own private databases of customers in good standing,
and regulate access to their facilities via their own
authentication procedures. Currently, internet protocols
will not easily support joint authentication by the net-
work provider and ISP. Joint authentication requires
that one separate the physical event of a modem an-
swering a call from the user authentication process.
Achieving joint authentication would allow the LEC to
regulate access to its transport network, and the ISP to
separately regulate access to its own facilities.
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.

Given the ISPs’ concerns, the capability to perform joint
authentication is another pre-requisite for moving mo-
dems away from ISPs and closer to end users. Tunnel-
ing protocols may provide an answer to this problem, as
well as providing better capabilities for encryption, and
performance guarantees for traffic streams carried by
shared internet facilities. In fact, satisfying the ISPs’
technical and business requirements may depend more
on the future evolution of internet protocols than it does
on the LECs’ service offerings.

4. Post-Switch Architectures

Post-switch architectures, which intercept calls on the
network side of access switches, provide a solution for
internet congestion that is potentially more integrated
with existing PSTN functionality. PSTN ingress
switches are currently the main repository for call proc-
essing logic, routing intelligence and subscriber line
features. By relying on ingress switches to identify and
route internet calls, post-switch architectures can poten-
tially take full advantage of IN and SS7 signaling capa-
bilities to efficiently transport and manage internet traf-
fic.

4.1 Description of Architectures

This section describes three post-switch architectures.
Note that all three architectures utilize the same tech-
nique to identify internet versus non-internet calls. As
described in Section 3.4, an ingress switch has the op-
tion of identifying internet calls by means of 10-digit
dialed number translations, or by means of IN triggers
and SCP query / responses. Beyond this common ele-
ment, the three architectures use different strategies to
achieve efficient signaling and transport.

Architecture A: Line / PRI Interface

Architecture A is illustrated in Figure 2. It shows a sim-
ple arrangement in which the ingress switch routes
internet calls to an Access Server (AS). The AS acts as
an interface between the PSTN and a data network.
Note that in this architecture, the AS and switch are
connected by a regular telephone line (e.g., multi-line
hunt group) or Primary Rate ISDN (PRI). At present,
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these two methods are the most prevalent means of
connecting switches to adjunct equipment.

There are disadvantages to both line and PRI interfaces.
The line interface is difficult to manage at a switch
level, due to the size of multi-line hunt groups, and the
present lack of Operations Support Systems (OSS) ca-
pabilities for non-standard engineering, tracking, meas-
urements, etc. In addition, the line interface is likely to
be expensive, given that line unit costs are predicated on
‘traditional’ subscriber usage patterns and line-
concentration ratios. Internet lines tend to be more
heavily utilized than regular lines, requiring more in-
vestment in switch equipment per subscriber line. Fi-
nally, the line interface provides no capability for intel-
ligent signaling, which could be used for example to
monitor subscriber usage and identify heavy users. On
the plus side, by relying on the ingress switch, archi-
tecture A can provide dynamic routing (e.g., in case of
modem congestion), but only if the modems are directly
adjacent to the ingress switch (i.e., are located in the
AS).

Linc or
PRIinterface

ISP POP

ISP POP

dedicated
transport facility

Figure 2: Post-Switch Architecture A (line / PRI)

In comparison, the PRI interface is functionally attrac-
tive, since it supports out-of-band signaling that can
potentially be customized to the internet application.
PRI is also easier to manage than multi-line hunt
groups, as described in section 3.2. However, for rea-
sons associated with current switch architectures and
provisioning limitations, PRI may be unsuitable for
large scale deployment in the network. In effect, there
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may be insufficient capacity for PRI terminations in the
PSTN to support large scale use.

Architecture B. SS7 Trunk Interface & ICR Node

There are strong practical motivations for requiring the
interface between the ingress switch and AS to be an
SS7 trunk. SS7 trunks are the basic means of transport-
ing calls between switches inside the PSTN, and are
readily provisionable on almost all switches in the net-
work. Due to their availability, and also their stream-
lined support in existing OSSs, SS7 trunk architectures
offer the best hope of providing a widely deployed,
scaleable architecture for internet traffic.

However, current access servers do not support an SS7
trunk interface. The use of SS7 trunks implies that calls
are setup using the SS7 protocol and the Common
Channel Signaling network. This in turn implies that
call setup signaling for internet calls must be processed
by an SS7 capable node. At present, access servers are
relatively simple devices, which perform the functions
of a modem bank, without any call processing or SS7
intelligence. It is probably not economical to implement
SS7 capabilities in the AS. This strategy would make
the AS too expensive to deploy on a large scale. Also,
individual access servers would not handle sufficient
traffic to warrant the expense of a dedicated SS7 link.*

One approach which solves this problem is illustrated in
Figure 3. The architecture in Figure 3 features: (i) a new
type of SS7 node (an Internet Call Routing (ICR) node)
which can perform SS7 call setup signaling with ingress
switches, and (ii) an upgraded AS that has a non-SS7
signaling interface to the ICR node. While implement-
ing a non-SS7 signaling interface is likely to increase
the cost of AS, its advantage is that it can be less so-
phisticated than the standardized SS7 protocol, and can
utilize existing capabilities within commercially avail-
able access servers for Q.931 based signaling. Conse-
quently, the AS in Figure 3 has the potential to cost less
than a fully SS7 capable AS.

4 A single 887 link has the capacity to handle many thou-
sands of Access Server ports. Access servers typically
have from several hundred up to 700 ports. A single SS7
link can therefore handle 40 plus access servers at typical
engineered loads.
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The ICR node in Figure 3 is critical to call setup, since
the AS cannot cut-through an SS7 trunk connection by
itself. Instead, it relies on signaling from the ICR node
to tell it which circuit the call is coming in on, and to
complete the connection. Note that the ICR node will
monitor AS ports / modems to determine whether it has
free modems that can be used to answer the incoming
call. If not, the ICR will use standard SS7 signaling to
release the call, and provide busy tone at the ingress
switch. Although we have described the ICR node as a
new type of SS7 node, it may in fact be an existing SS7
node running an Internet Call Routing application. The
ICR node also has the potential to perform intelligent
functions, beyond simple call setup and teardown.

ICR

1\ Enhanced
\\ \\ Q.931 interface

ISP POP
ISP POP

dedicated
transport facility

Figure 3: Post-Switch Architecture B

As discussed above, the immediate advantage of Ar-
chitecture B is that it utilizes SS7 supported trunks to
connect ingress switches to access servers. This can fa-
cilitate its wide-spread deployment throughout the
PSTN, and make it easier to scale up as internet traffic
grows. However, Architecture B also has a number of
other advantages. The ICR node can be owned and op-
erated either by the LEC or by an ISP. Also modem
bank functionality can be situated either in the AS itself,
or in the ISP box in Figure 3. In the first case packet
transport could take advantage of multiplexing gains. In
the latter case, transport would be via circuit emulation,
and would not realize any multiplexing gain. However,
these options for modem locations may make the archi-
tecture more flexible in addressing the future business
needs of ISPs.
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Note that having modems located on the ISP premises is
closer to the present mode of operation (PMO). In this
case, the AS simply provides an SS7 supported trunk
termination co-located with the ingress switch, and
internet calls are transported in circuit-switched or cir-
cuit emulation mode to the ISP. In future, as data proto-
cols evolve, ISPs may find it desirable to have the LEC
maintain modems at the AS, and have internet calls de-
livered to them in data format, to take advantage of
multiplexing gains on data networks. Architecture B fa-
cilitates both options.

Architecture C. SS7 Trunk Interface & Gateway
Node

Finally, Figure 4 — Architecture C — shows a more
evolved version of Architecture B. In this architecture,
the ICR node handles both call signaling and call trans-
port. Calls are routed from access servers to the ICR
using PRI trunks, for example. The ICR node acts as a
hub, providing a common platform where a variety of
access technologies such as T1, ISDN PRI, Frame Re-
lay, modem pools and routers can be made available to
both ISPs and corporations. Consolidating access from
numerous egress switches into this type of hub is antici-
pated to provide operational efficiencies for LECs and
ISPs. As the internet continues to expand and evolve, it
can make it easier for ISPs to upgrade and stay current
with new equipment, and also to gain faster access to
new markets with smaller up-front capital cost.

‘ Public Packet
Network

link / 7
o ISP POP
g /. o
/q \ 1P POP |
s§7 / dedicated

transport facility

Figure 4: Post-Switch Architecture C

4.2 Post-Switch Issues
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The advantage of post-switch architectures is that they
take advantage of the intelligence that resides in net-
work switches and SCPs, to better route and manage
internet traffic inside the PSTN. For example, they can
utilize sophisticated SS7 and IN triggers, routing func-
tionality and traffic controls. Of course, post-switch ar-
chitectures are based on the assumption that one would
want to allow internet calls inside the PSTN. There are
reasons why this may be the case.

It is possible to view internet traffic as merely a prob-
lem for the PSTN, that should be banished to external
data networks as soon as possible. Alternatively, it is
possible to imagine internet traffic as requiring the first
true large scale integration of the PSTN and data net-
works. In the latter view, internet traffic is not so much
a problem as an opportunity. By bringing this traffic
into the PSTN, and managing it intelligently, the op-
portunity exists to offer a range of new internet-related
features and services that packet networks, in their pres-
ent stage of maturity, cannot support. Post-switch ar-
chitectures may therefore constitute a longer term goal
for network operators.

The immediate challenge for post-switch architectures
is to justify the cost of burdening ingress switches with
the triggers and additional signaling required to support
internet call routing. This additional burden could be
significant. For example, deploying office-based trig-
gers in order to identify internet versus voice calls could
increase call processing times in the switch. This trans-
lates into a corresponding reduction in switch capacity,
and the possible need for processor upgrades in some
switches. The capacity impact will vary based on switch
technology and the type of triggers or translations used
(e.g., 6 vs. 10 digit).

Although post-switch architectures do not off-load
internet traffic from ingress switches, they can con-
ceivably improve the situation of these switches by in-
telligently managing internet traffic. For instance, al-
though the situation is improving, many ISP facilities
are under-engineered in comparison to the PSTN, re-
sulting in very high levels of blocking in the ISP busy
hour. Ineffective call attempts utilize trunk and switch
resources only for very short periods of time (e.g.,09-
1.5 seconds). However, taken across a network, their
cumulative effect can be significant. In certain cases it
is possible that they could inflate the load on switch
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processor by a non-negligible amount and result in sig-
nificant increase in the load on trunks. Both of these ef-
fects necessitate the addition of more switching and
trunk capacity to the network, if the established level of
service is to be maintained.

However, SS7 and IN traffic monitoring capabilities can
be used to block internet calls at the ingress switch if the
target ISP facility is known to be congested. By using
these capabilities, the ingress switch does not waste
time processing calls that are bound to fail once they
reach the ISP. Similarly, inter-office trunk resources are
not tied up on calls that cannot be served. This type of
call throttling can ensure that ingress switches and trunk
resources are used efficiently.

Finally, we note that intelligent routing inside the PSTN
can be used to route internet calls to alternate facilities,
in the event that the primary facility (e.g., modem bank)
is congested. And more generally, intelligent routing
can be used to route internet calls flexibly, based on
time of day or other appropriate criteria. This can allow
ISPs to efficiently manage their own resources, sched-
ule upgrades, etc. Similarly, from the LEC perspective,
flexible routing can be used to route internet traffic
through facilities (e.g., downtown offices) that are not
heavily utilized during the 9-11 PM internet busy hour.
This will help to maximize the efficiency of PSTN re-
sources.
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5. Pre-Switch Architectures

As described in Section 4, post switch architectures re-
duce internet congestion on interoffice trunks and
egress switches. However, ingress switches are still in-
volved in transport. Pre-switch architectures, which in-
tercept calls on the line side of ingress switches, have
the advantage of totally by-passing the PSTN, including
ingress switches. (However, note that PSTN elements
may still be involved to some extent in call-related sig-
naling).

The common element of pre-switch architectures is an
adjunct box that resides in front of the switch and has
the capability to re-direct calls (e.g., onto a data net-
work). The intelligence to re-direct internet vs. voice
calls can reside in the adjunct box, ingress switch, or in
another network element. Calls that are identified as
voice calls are passed through the adjunct to the ingress
switch for normal processing through the PSTN. Inter-
net calls are intercepted and re-directed onto dedicated
transport facilities for delivery to ISPs.

Although adjunct boxes are conceptually simple — they
merely act as a call re-direct mechanism — they raise a
number of issues. For instance, once an adjunct re-
directs a call and takes the switch out of the call path,
the switch still needs to know how to handle incoming
calls to the busy line, in order to support features such
as call forwarding, call waiting and voicemail. Less ob-
viously, the switch needs to retain the capability for op-
erator interrupt, access to calling party information by
law enforcement agencies, wire tapping and billing, for
/ during internet calls.

It follows that pre-switch adjuncts cannot act independ-
ently of the switch. Instead there needs to be a mecha-
nism to maintain a consistent view of call and line states
between the switch and adjunct. Additionally, in cases
where per-call billing is required, billing information for
the redirected call needs to be collected (somewhere).
These problems are not necessarily difficult to solve.
However, they require advance thought and planning. A
final issue with pre-switch architectures is that they may
not be able to support ISDN customers. To date, pre-
switch mechanisms for re-directing ISDN calls have not
been proposed.



BellSouth Telecommunications, Inc.

oy : . . . Tennessee Regulatory Authority
Architectural Solutions to Internet Congestion Based on SS7 and Intelligent Network Capabilities peacket 99-00430 & Docket 99-00377

Late Filed Hearing Exhibit AJV-4

5.1 Description of Architectures

Proposed pre-switch adjunct architectures make use of
an embedded base of Integrated Digital Loop Carrier
(IDLC) technology. In an IDLC configuration, a Re-
mote Data Terminal (RDT) is used to terminate a group
of customer lines at a location that is (nominally) re-
mote from the switch. The RDT is connected to a digital
switching system via a DS1 or OC-3 carrier which, by
multiplexing many customer lines onto a single carrier,
provides efficiency in the local loop and enhanced op-
erations capabilities.

Note that there are several standard protocols that can
operate over the RDT-switch interface, including TR-
57, TR-8 and GR-303. Of these, GR-303 is the most re-
cent and the most powerful in terms of its signaling ca-
pabilities and ability to support new (e.g., internet) ap-
plications. At present, however, GR-303 is not widely
deployed in the network. It follows that IDLC-based
pre-switch adjuncts which are capable of working with
TR-57 and TR-8 (as well as GR-303) will have wider
applicability within the network. On the other hand,
GR-303 provides a standardized interface that can be
implemented on multiple vendors’ equipment. Non-GR-
303-based adjuncts rely on a signaling interface (be-
tween the RDT and ICR node, see below) that is cur-
rently not standardized (i.e., is proprietary to individual
vendors).

As suggested above, there are at least two approaches
for re-directing internet calls in pre-switch adjuncts,
namely non-GR-303-based and GR-303-based solu-
tions. These are described in more detail below.

D. SS7 Based Line Side Call Redirect

The first approach for pre-switch architectures is to use
the ingress switch for digit collection and trigger as-
signment, but to place call routing intelligence in a
separate network element. This approach is illustrated in
Figure 5. In this scenario, an Internet Call Routing
(ICR) node controls the RDT via a signaling interface
that could be proprietary, or that could conceivably be
developed into a standard interface to facilitate the
mixing and matching of equipment from different ven-
dors. The ICR node is $SS7 capable and utilizes SS7
(ISUP) signaling to control the setup and teardown of
circuits through the switch.
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Figure 5: SS7 Based Line Side Off-load Architecture

In Figure 5, incoming internet calls hit a trigger in the
switch, which causes the switch to issue a query for
routing instructions (to an SCP). When routing infor-
mation is received, an SS7 call setup message is sent to
the ICR. The ICR informs the RDT to re-direct the call
to a data network, and at the same time sends an SS7
release message back to the switch, forcing the switch
out of the call path. A final step is for the RDT to signal
the switch that the subscriber line is busy (off-hook), so
that calls arriving from the network do not interfere
with the ongoing internet call.

The philosophy behind this approach is to put internet
call routing intelligence in a central network element
(the ICR node) rather than a simple, unintelligent ele-
ment (the RDT) on the edge of the network. This can
make it easier to implement changes to internet call
routing, since only the ICR nodes must be upgraded,
rather than a large number of RDTs, which do not nec-
essarily have the operations support for frequent
changes or upgrades to internet call routing functional-
ity.

Note that by placing internet call routing intelligence in
the ICR node, rather than the RDT, this architecture can
potentially work with TR-57 and TR-58, as well as GR-
303. Also note that the ICR node in Figure 5 is similar
in functionality to the one employed in post-switch ar-
chitecture B. In fact, the same ICR node could con-
ceivably control both pre-switch adjuncts and post-
switch access servers. This type of combined ICR node
would support very flexible off-load architectures.
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E. Non-SS7 Line Side Call Redirect

The second approach, illustrated in Figure 6, is based on
enhancements to the GR-303 standard. In this approach,
RDTs may be co-located with ingress switches, and the
GR-303 interface is used to support the signaling re-
quired to re-direct and manage internet calls. Incoming
internet calls can be identified (via a trigger) and routed
(via a table lookup) in either the switch itself, or in the
RDT. In the first case, the switch is responsible for
normal call processing, including dialtone generation. If
an internet call is detected, the switch signals the RDT
via GR-303 to re-route the call onto a data network. In
this case, internet call filtering can be provisioned on a
per-line basis, and the potential exists to overflow inter-
net calls onto the PSTN if the data network is unavail-
able. It does, however, involve a real-time hit on the in-
gress switch, to support the call filtering, routing and
signaling functions.

The second case is again based on GR-303, but relies on
internet calls being identified and routed in the RDT
rather than the switch. In this case the RDT is provi-
sioned with DTMF receivers so that it can register di-
aled digits. (The RDT may or may not provide dial-
tone.) It is also provisioned with the routing information
for internet calls. When an internet call is detected in the
RDT, the RDT itself re-routes the call to a data network,
and informs the switch of this action. This case mini-
mizes the impact of internet traffic on the ingress
switch, but requires some non-standard functionality in
RDTs, and new call flows between the RDT and switch.

&\ GR-303

Ingress Switch

dedicated
transport facility

Figure 6: Non-SS7 Based Line Side Off-load
Architecture
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5.2 Pre-Switch Issues

The pre-switch architectures described above are attrac-
tive because they de-load internet traffic from the in-
gress switches, as well as from inter-office trunks and
egress switches. They do, however, involve a tradeoff,
Deploying equipment at the edge of the network, par-
ticularly if it involves significant complexity or intelli-
gence, can be an expensive proposition, due to the
amount of equipment and the operational effort in-
volved in installing and maintaining the equipment. It
also leaves one vulnerable to stranded investment, if
technology changes.

One strategy for obtaining the benefits of pre-switch ar-
chitectures, while avoiding the pitfall of stranded in-
vestment, is to place internet call routing intelligence in
an ICR node, as in Figure 5. Placing intelligence in the
ICR node, rather than the RDTs, has the potential to
make RDTs simpler, less expensive and, consequently,
less vulnerable to the risk of stranded investment. The
ICR node could also be used to implement intelligent
functions beyond simple call setup and teardown, and
could potentially be used to support both pre- and post-
switch architectures (see Figures 4 and 5). Finally, the
ICR node can work with all IDLC technology (not just
GR-303), though it currently depends on a proprietary
signaling interface to the RDT.

More generally, the key to the effective use of pre-
switch architectures is to balance the amount of equip-
ment deployed, versus the amount of internet traffic off-
loaded from the PSTN. Measurements of internet usage
show that internet users will vary from heavy to light. In
general, a small percentage of heavy users can generate
a large percentage of the total internet traffic. A much
larger number of light users generate the balance of the
traffic. For example, it is not unusual to find that 20%
of internet users generate about 55% of the total load,
and that 40% of users generate more than 80% of the
total load.

The best strategy for a pre-switch architecture is to de-
ploy only as many adjuncts as are required to terminate
the lines of identified heavy users. This strategy mini-
mizes the line-related costs associated with deploying
adjuncts, while maximizing the traffic-related benefit
that one obtains by off-loading internet calls onto data
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networks. The key question is what percentage of sub-
scriber lines should be moved onto pre-switch adjuncts.
Even supposing that one has an effective strategy for
identifying heavy users (which may itself be problem-
atical), one still needs a formula for where to draw the
line between heavy and light users.

As one moves lines onto pre-switch adjunct termina-
tions, the per-line equipment costs will steadily rise.
However, the same is not true of the traffic-related sav-
ings. Initially, one will obtain great savings by moving a
core of heavy users onto adjuncts. As one continues,
however, progressively smaller savings are obtained,
since one is capturing only light users. In general, there
will be an optimal operating point, where total savings
(traffic-related cost savings minus equipment costs) are
maximized. Identifying this optimal operating point —
which may vary from switch to switch, and would also
vary over time as traffic patterns change — is a critical
issue for pre-switch architectures.

The problem of identifying heavy users in the first
place, as a prior step to moving them onto adjuncts, is
likewise important. Specifically, one needs the capabil-
ity to reliably measure and rank order subscribers’
internet usage, via statistically valid sampling. Cur-
rently, there are several methods for identifying heavy
users. Off-line processing of SS7 data, collected by
means of some portable SS7 collection system or de-
vice, can provide a snapshot of heavy users as well as
other useful information. This approach has been used
in the absence of permanently deployed SS7 data col-
lection systems. As permanent systems come on-line, it
will be preferable to analyze data using automated sys-
tems and filters.

One alternative to an external measurements system is
to utilize switch traffic and provisioning systems to
measure subscriber usage, and manage heavy users. An
advantage of this approach is that the measurements can
be integrated into the switch provisioning flow, in order
to load balance heavy users across line peripherals. A
possible disadvantage is that existing switch systems
may not capture full call data, or may present aggregate
data in a way that is not useful for the identification of
heavy users. This issue is being addressed in Bellcore’s
switch provisioning systems.
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Another alternative that avoids external measurements
systems is to use the capabilities of the Intelligent Net-
work  architecture to identify the heavy users. This
function can be implemented in the ICR node or in
SCPs.

Beyond the immediate problem of identifying and man-
aging heavy internet users, a further benefit of collect-
ing internet traffic usage measurements is to provide
traffic data and performance measurements concerning
ISPs. As internet connection services evolve, traffic data
will become valuable to ISPs, for purposes of marketing
and service differentiation. In addition, there is a market
for third party validation of ISP performance. Other
applications of traffic / performance measurements are
to provide network traffic and usage measurements for
ISPs so that modem pools can be engineered optimally
for a given Quality of Service. Finally, LECs can also
use traffic reports to size and engineer the DS1/ISDN
trunk groups between switches and access servers, and
to support engineering of the Frame Relay or ATM
transport network.

Lastly, note that once heavy users have been identified
using PSTN / SS7 measurements, and are moved onto
pre-switch adjuncts, the task of monitoring their usage
and grooming users on a continuing basis may need to
be performed by the pre-switch adjuncts themselves, or
by the ICR node. Once users are moved onto adjuncts,
they will no longer have visibility through SCP or
switch-based measurements, unless this capability is
specifically implemented in the switches and SCPs.

6. Other Feature Capabilities

In this section we briefly describe some SS7 and IN-
based features to improve internet call control and
routing.

A. Alternate Routing on Busy Modem Pools

A common and widespread problem with current inter-
net access is that calls are often blocked due to busy
modems. Furthermore, when users are not successful in
connecting to a modem pool on the first attempt, they
often retry. Measurements show that internet calls have
a much higher re-attempt rate than voice calls (an aver-
age of 5 re-attempts for each blocked internet call).



BellSouth Telecommunications, Inc.
Tennessee Regulatory Authority
Docket 99-00430 & Docket 99-00377
Late Filed Hearing Exhibit AJV-4

Aréhitectural Solutions to Internet Congestion Based on SS7 and Intelligent Network Capabilities

These re-attempts further increase the load on the net-
work and can actually decrease the call completion rate
(snow ball effect).

It is possible that when a particular modem pool is busy,
there are other modem pools with available capacity. To
implement alternate routing for calls that encounter a
busy signal (i.e., busy modem), the network needs to
monitor the status of internet access lines. Also in cer-
tain scenarios where the number of re-attempts are high,
it may be beneficial to invoke a call throttling mecha-
nism to stop some of the calls from entering the net-
work. SS7 and IN capabilities can be used to implement
alternate routing and call throttling mechanisms. These
advanced routing features will ensure that modems at
various locations are utilized in an optimal manner, and
can also increase call completion rates for customers.

B. Multiple Trunk Groups Routing on Busy Trunks

Another advanced routing feature that can be useful in
the internet access network is the capability of support-
ing three or more alternate trunk groups as choices for
routing the call. If the first trunk group is busy, then an
attempt to terminate on the second trunk group will
automatically be made, and if all trunks in the second
trunk groups are busy, the third trunk group will be
used. Using this feature, if there are some temporal
variations in internet traffic, multiple routes are avail-
able for forwarding the call to an AS. This will result in
cost effective engineering, as one does not have to over
engineer a particular trunk group and the corresponding
number of modems in a particular AS.

C. Decision Based Routing

Other decision based and flexible routing can be used in
these architectures. Examples include routing based on
time of day, or based on NPA-NXX of the calling party,
or possibly even routing some calls to less congested
AS for the most preferred customers, etc.

D. Internet Call Throttling

Current blocking levels for accessing ISPs are much
higher than the traditional performance levels for which
PSTN switches and trunks are engineered for (typically
1% blocking or less). The amount of blocking varies
among ISPs, also depends on particular locations, and
time of day, etc. Ineffective attempts impact the PSTN
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in two ways. The first impact is on switch processors. A
re-attempt call uses about the same amount of switch
processor resources to setup and clear the call as a suc-
cessful (answered) call. The second impact is that an in-
effective (busy) call also uses the inter-office trunks for
a small (but non-negligible) duration. A busy call ties
up the direct trunks for about 1.3-1.8 seconds, and tan-
dem trunks for 0.9 to 1.4 seconds.

Clearly the amount of re-attempt traffic generated de-
pends on the ISP probability of blocking. If ISPs im-
prove call completion rate, the majority of ineffective
traffic will disappear. However, at current marginal per-
formance levels the network resources wasted due to in-
effective attempts is not negligible. Thus, it may be jus-
tified to design a call throttling scheme to control inef-
fective attempt at the originating switches. A cost / per-
formance study is needed to determine the cost of de-
ploying such control schemes vs. the savings obtained
by blocking some calls at the edge of the network.

7. Discussion

This paper has outlined five architectures for off-
loading internet traffic from the PSTN onto data net-
works. Three of these are post-switch architectures, and
two are pre-switch architectures. These architectures
can be compared and evaluated under three main head-
ings:

1. Technical issues — What are the technical issues
that need to be resolved before the architecture can
be implemented, and what is the timeframe for re-
solving them? These issues include such items as
protocol interworking, tunneling, feature support,
additional OSS capabilities, etc.

2. Cost/ business issues — What are the cost/benefits
of adopting a particular architecture? To what ex-
tent will it reduce the costs associated with carrying
internet traffic on the PSTN? By virtue of new
technology (e.g., ADSL), can a solution architec-
ture not only reduce current costs, but also result in
new services and revenues?

3. Strategic issues — Finally, what are the strategic
implications of adopting a particular architecture?
How does the architecture fit with other service of-
ferings, and the general evolution of the network?
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Will it facilitate potential new services such as
internet telephony, and support sophisticated sig-
naling interfaces between voice and data networks
(e.g., marriage of SS7 and TCP/IP)?

We conclude with some general observations on the
pros and cons of the proposed off-load architectures.
Leaving aside strategic issues, the intent of off-load ar-
chitectures is to reduce PSTN costs by carrying internet
traffic more efficiently. Additional benefits may include
better service to internet users, and the potential to sup-
port new internet or data oriented services for residen-
tial subscribers, business subscribers and ISPs. How-
ever, in the short term, the focus is on reducing PSTN
costs.

The effectiveness of the above architectures depends on
the usage patterns of internet users, and on how costs
are distributed throughout the PSTN. Pre-switch archi-
tectures capture internet traffic before it enters the
PSTN. Because of this, they eliminate or reduce the
costs associated with ingress switches, which constitute
a significant portion of the total network costs. Pre-
switch architectures also have the potential to capture
internet traffic very efficiently, provided one can solve
the problem of identifying heavy internet users. If this
problem is solved, pre-switch adjuncts can be targeted
specifically at a relatively small number of heavy users,
resulting in maximum impact for minimum expenditure.

One problem with pre-switch architectures is that they
move the onus of identifying heavy users onto other
systems, such as OSSs, external measurement systems,
etc. Unless pre-switch architectures are supported with
systems necessary to identify and groom heavy users on
an on-going basis (which may itself involve some cost),
these architectures are likely to be ineffective, and may
even result in increased costs, Identifying the optimal
percentage of subscriber lines to move onto pre-switch
adjuncts (possibly on a switch-by-switch basis), and en-
suring that switches are maintained at the optimal oper-
ating point, requires fairly sophisticated data collection
systems, and provisioning / work order processes.

Finally, an additional risk factor associated with pre-
switch architectures is that they operate at the edge of
the network. Capturing traffic at the edge of the net-
work, where it is diffuse, can potentially result in sig-
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nificant cost savings as described above, but may also
result in stranded capital investment if technology or
subscriber usage patterns begin to change. Dealing with
aggregated (internet) traffic streams inside the PSTN,
would be a safer strategy, since one then obtains effi-
ciencies of scale in deploying and operating off-load
equipment. The risk of stranded investment can be ad-
dressed by providing a plausible evolution strategy for
pre-switch equipment.

SS7 and IN capabilities have the potential to be effec-
tively integrated with pre-switch architectures, so as to
address the above concerns. As described briefly in sec-
tions 5, SS7 and IN capabilities can be used to identify
heavy users prior to their being moved onto pre-switch
adjuncts. (Once they are moved, their usage may need
to be monitored by alternative means.) Furthermore, use
of SS7 signaling to support internet call routing, as in
Architecture D, permits routing intelligence to be con-
trolled from inside the network. This in turn reduces the
risk of stranded investment in adjuncts, and makes it
easier to upgrade and manage routing databases, etc.

However, at present the integration of pre-switch ad-
Juncts with SS7 signaling requires some novel network
arrangements and non-standard signaling. These issues
need to be addressed by the industry. Some have raised
fundamental concerns regarding the pre-switch adjunct
architecture. Critics of this architecture argue that it may
not be a good idea to put triggers and call processing
capabilities in another box in front of the switch. The
argument is that this strategy gradually results in having
another substantial switch (the adjunct) standing in front
of the Class 5 switch.

In contrast to pre-switch architectures, the post-switch
architectures described in Section 4 make it unnecessary
to explicitly identify and manage heavy internet users.
By default, ingress switches are used to route all inter-
net calls to AS, by means of 10-digit number transla-
tions or IN-based routing. This constitutes an advantage
for post-switch architectures since, as discussed above,
the identification and management of heavy internet us-
ers is a non-trivial problem.

By capturing internet traffic on the network side of in-
gress switches, post-switch architectures can take ad-
vantage of economies of scale in the deployment of off-
load equipment. Architecture C (Section 4) takes this
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idea to its logical conclusion, by routing all internet
calls and signaling through a hub ICR facility. If inter-
net traffic grows into a high penetration, large scale
service as has been forecasted, this type of hub facility
can be used to provide economical connectivity be-
tween LECs and ISPs.

As the market evolves towards more sophisticated,
value-added internet services, the hub arrangement may
well prove to be very attractive to ISPs and corpora-
tions, since they can avoid owning and operating their
own AS equipment. Instead, the hub facility could be
operated by an LEC or third party, and the ISP or cor-
poration could simply subscribe to new equipment ac-
cording to their own customers’ or employees’ needs.
The hub operator would manage a variety of AS equip-
ment from multiple vendors, achieving economies of
scale by serving many ISPs and corporations.

A major disadvantage of post-switch architectures, at
least in the simplest implementations, is that they do not
address ingress switch costs. In addition, they poten-
tially incur some additional costs through the deploy-
ment of IN capabilities on switches, SCPs, ICR node,
and the implementation of IN triggers on switches.
However, it should be noted that SS7 and IN nodes are
already widely deployed. Thus there may only be some
incremental cost associated with carrying or processing
the signaling required for off-load function.

As with pre-switch architectures, SS7 and IN capabili-
ties can address the weaknesses of post-switch archi-
tectures, by means of flexible call routing, and a number
of traffic flow control features that can be custom de-
signed for internet traffic management.

8. Conclusions

In conclusion, there are pros and cons to both pre- and
post-switch architectures. These two classes of archi-
tecture have strengths in different areas. In reality, an
optimal strategy could utilize both types of architecture,
depending on traffic volumes, congestion levels in in-
gress switches, and overall economics.

Many of the technical issues associated with the imple-
mentation of off-load architectures are now reasonably
well understood. Work programs in these areas (e.g.,
requirements / standards development) are mapped out,
and are waiting for expressions of interest from the in-
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dustry. Business case and cost analysis efforts is not as
well advanced. Information to evaluate the cost effec-
tiveness of various architectures certainly exists, but
needs to be assembled and synthesized into a coherent
picture.

In this paper, various internet off-load architectures
have been described with somewhat of a near term fo-
cus in mind. It may be advantageous for network pro-
viders and equipment suppliers to also rethink the over-
all network evolution to better understand the direction
of the PSTN in terms of incorporating new technologies
that would facilitate the support of all traffic types in-
cluding voice, data, and video applications.

A principal contribution of this paper is to highlight the
potential use of 8S7 and IN capabilities not only to en-
hance the effectiveness of both pre- and post-switch ar-
chitectures from a technical point of view, but also im-
prove their economics by providing the flexibility to
adapt to a rapidly changing internet traffic patterns.
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